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PREFACE 

This Lecture Series, concerned with the development and use of numerical and factual 
data bases, is sponsored by the Technical Information Panel of AGARD and implemented 
by the Consultant and Exchange Programme. 

Numerical and factual data, as sources of information for all levels of aerospace and 
defence R&D management and staff activity, are becoming increasingly important. These 
data are necessary to support research and engineering efforts in all fields. They are also 
becoming increasingly important to support or assist in the decision-making process. Today, 
a number of numerical data bases are available through national information centres and 
others are available from academic or commercial information sources. Data in many of 
these data bases can be retrieved and manipulated in display systems currently available. 
There is, however, a great need to improve the quahty, rehability, avaOability, accessibility, 
dissemination, utilization and management of these data. 

Better knowledge regarding the generation and availability of such data bases, and the 
techniques for their use, will be of benefit to the R & D community and their information 
service centres. 

The scope of the Lecture Series includes: generation of numerical data, consideration 
of the quahty and reliabihty of the data, methods for publishing and disseminating the data, 
a review of the data bases that are currently available, how these data bases can be used, and 
future needs for numerical data bases.    . 
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STATUS AND FUTURE OF THE USE OF NUMERICAL AND FACTUAL DATA 

Dr. Richard F. Taschek 
Los Alamos National Laboratory (Retired) 

Mailing Address:  2035 47th Street 
Los Alamos, NM  87544 U.S.A. 

SUMMARY 

The nature of numerical and factual data and data bases is discussed and their 
place in modern industrial society is reviewed.  The components of the process by 
which data is produced, made public, extracted, assessed, evaluated and finally put 
to use, either as a single item or part of a data base, are examined.  The present 
status of this process (the data cycle) is described and shortcomings briefly 
analyzed.  The costs and organizational structures of various components are crudely 
evaluated and it is decided that the data generation component dominates cost, while 
the evaluation component is least well developed.  A detailed data cycle flow chart 
is presented for guidance in future more detailed approaches to critical data 
generation and utilization. 

1. Introducti on 

It is the purpose of the lecture series that we are about to begin, to discuss the 
whole of what will be called the data cycle.  This will include all or most of the 
functions which are involved in the "development" of "data bases" in a mainly generic 
manner.  When we have established generally how to develop data bases to order, the 
user interests will be discussed in detail while we already now agree that the'user is 
the ultimate requestor-recipient of the data base, putting it into the context for 
which the whole exercise was carried out. 

Let us now inquire into the natural evolution of this activity to acquire various 
insights.  In the not too distant past the requirement for data arose when there was a 
problem needing solution.  The datum or data required might be numeric (with units of 
course) for a scientific, technical or engineering problem or it might be 
informational/factual non-numeric for a problem which might arise in a demographic, 
economic, legal or other situation; or there might be a combination of numeric and' 
factual data necessary to address the problem at hand.  We will be dealing primarily 
but not entirely, with numeric data. 

In that earlier time mentioned above, the data user (or needer) would get most or 
all that he required, from the scientific literature, tables, or handbooks already in 
existence, but as the sophistication of his needs evolved two immediate difficulties 
arose, first that the data needed did not yet exist or second, that even if it did 
exist it did not satisfy the user's needs for accuracy, or range or morphology or cost 
or something else perhaps, usually situations dealing with independent variables   In 
many cases the user had the added difficulty that if new data had to be generated or 
old data improved, it was entirely out of his personal experience.  Furthermore, the 
rapid advances of technology and engineering, initially based on comparatively small 
requirements for data, produced great changes in data applications as the Edisonian era 
disappeared.  The design, fabrication, testing, and use of the rapidly evolving 
products of science, technology, engineering and manufacture became complex and 
sophisticated first with data sets from a single discipline needed, but soon from 
multidisciplinary sources.  Then sharpened criteria for data quality became necessary 
and even urgent, particularly in sensitive design situations.  Then the magnitude of 
the data set or sets needed to solve some of the larger problems expanded greatly and 
data bases" pertinent to specific problems were born. 

2. Definition and Use of Data Bases and Data Cycle 

We may describe a data base as the useable form of scientific/ 
technical information from one or more disciplinary subdiscipiines, usually focused on 
a single area of application.  The content may be in numeric or information form or 
both.  The data base may simply exist in a notebook or it may be designed for computer 
usage and contain the necessary algorithms for its specific utilization, as a part of 
the data base, but not data in themselves.  For many cases two or more computer 
utilizable data bases may be coupled for solving a larger or more complex problem 

The nature of the problem solving may be such that the data base needs only to be 
vertical (or one dimensional) e.g. the properties of materials - or it may be 
multidimensional as for instance in nuclear reactor design of core, design of shield 
design of coolant system requiring nuclear data of several kinds, materials data 
radiation damage data, chemical thermodynamic data, etc.  The first situation may be 
coverable by a single data base, the latter by several interlocking bases.  Fortunately 
the development of automated data processing was and is reasonably coordinated with the 
growing requirements for data handling. 

.f M^l   ^^   ^7 important, however, to remember that ADP is a tool for the manipulation 
of data and does not contribute to the substantive content of the data.  Its great 
manipulative power is, however, a major factor in making possible a necessary 
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systematic approach to the totality of the data field and its utilization.  This 
process is just beginning to fulfill its capabilities and forecasts major impacts in 
many areas.  In particular, the coupling of automated data bases with automated and 
robotic production and manufacturing, just getting off the ground will place great 
emphasis on the quality of the data and data bases. 

Data and data bases may originate from a variety of sources and are utilized by an 
even larger number of user groups.  It is thus important to understand why and how data 
is produced and what the costs of the various components of the data cycle are since 
cost benefit analysis formal or not will finally determine the part to be played by 
various data bases in the application being considered. 

3.  The Place of Academia, Private Enterprise, and the Government 
in the Data Cycle . 

The field of scientific, technical and engineering data is a highly fragmented 
activity, well served in some aspects, poorly done or not at all in others and often 
characterized by the lack of coherence in the overall system.  The lack of a 
coordinated approach to this multifaceted subject is due partly to a lack of 
recognition of all the components by the three principal participating groups in the 
data cycle i.e. academia, the industrial/commercial sector and the public sector as 
represented mainly by the federal government in the US. 

Modern industrial nations manufacture products and devices for the market place and 
are highly sensitive to the response of the market place.  To be competitive with each 
other and internally within a nation, they must more and more be on the engineering 
forefront of rapidly developing technological situations.  Motivations driven by the 
market place cause the competitive economics of production to be a major force in new 
developments even when the scientific and technical problems of an initiative are fully 
known and solved.  Thus quality assured data and data bases must exist, be accessible 
and in useful formats as sine qua non factors, but economics of the free enterprise 
system may also determine that the initiative cannot now be pursued.  Note that the 
motivations of the public sector may come to quite a different conclusion, e.g. in the 
obvious case of national defense when cost becomes a secondary issue to the solution of 
the problem. 
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As implied above, the profit motive is not a primary factor in a large share of 
data generation and the remainder of the data cycle functions performed for the federal 
government.  Aside from difference in detailed implementation, the generation of 
scientific and technical data in the US has since the end of WWII been taken over in a 
major way, approximately 90%, by departments and agencies of the federal government, 
especially by the Department of Energy and its predecessors, the Department of Defense, 
the Department of Agriculture, the National Institutes of Health for the Bio-sciences, 
the National Aeronautics and Space Agency, and for primarily academic research support, 
the National Science Foundation.  This listing is not at all complete of course, viz 
the National Bureau of Standards in the Department of Commerce and the US Geological 
Survey in the Department of Interior which organizations considerably predate WWII. 

Note that the data generated for and by these organizations is in response to their 
own mission-oriented assignments or is mandated by the Congress in specific statutes; 
thus the new data and information produced as objectives of the department becomes 
simultaneously a matter of public record for use by anyone.  It is particularly 
important to remember that the numerical and informational data produced by these 
publically funded organizations is the quantitative description of what has been 
accomplished by their scientific and technical endeavors. 
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overhead charge to the national treasury, but the economic benefit is often not 
recognized nor is it easily traceable because the user community is so widely dispersed 
and because appreciable portions of the data generated may not be used in the near term 
(10 years) or perhaps never.  On the other hand when specific data is urgently needed, 
it would be desirable to "have it on the shelf" especially if it were of a kind 
requiring one to ten years for generation.  This would require a decidely different 
philosophy and approach to what is now in effect. 

The data generating capabilities integrated over all of the government 
owned-government operated laboratories in the nation, plus the government funded 
non-mission research in academia or research institutes are very powerful indeed.  It 
is becoming urgent to examine means by which the private sector might draw on these 
public facility capabilities for their own purposes, but without jeopardizing the 
requirements already assigned to these facilities.  Data generation for use a decade or 
so in the future can likely be left to the present system, but quick response, and 
quick turn around must be more highly systematized, especially for multiple user 
1nterests. 

Although it seems unlikely that major versatile data generating facilities will 
become common in the private sector, economic analyses of the remai ni ng components of 
the data cycle may well indicate that many of these could be accompli shed adequately 
within the market place. 

4.  Long Range Planning in the Technical Data and Information Fields 

As user pressures for better and better data with more rapid recycling times and 
for the competent assemblage of data bases responsive to the specialized needs of each 
user group becomes apparent it will also become clear that a management structure 
compatible with the requirements will have to be put in place. 

For purposes of assessing several matters, e.g. cost-benefit of evaluated data, 
data base assemblage, data management organizations, data production problems etc. it 
is necessary to examine the data cycle as it now exists, having grown mainly like 
Topsy.  The conventional set of functions for the data sequence is quite evident and 
consists of the following for a programmatic objective.  (Fig. 1) 

PROGRAM 
DEFINITION AT 
MANAGEMENT 

LEVEL 

DATA 
REQUIREMENTS 

ESTABLISHED 

DATA PRODUCTION 
PROVIDED FACILITIES 

ARE AVAILABLE 

DATA REPORTED 
IN APPROPRIATE 

MEDIUM 

DATA COMPILED 
APPEARS IN APPROPRIATE 

BIBLIOGRAPHY 

DATA EXTRACTED 
AND ENTERED INTO 

ONE OR MORE 
DATA BASES 

DATA IN DESIRED FORM USED BY 
TECHNICAL COMMUNITY (USER) 

RESPONSIBLE FOR 
PROGRAM IMPLEMENTATION 

Fig. 1 

Much of the time this sequence can be abbreviated to a bare bones form.  Namely 
[Fig. 2). 

DATA PRODUCTION ->- 
COMPILATION AND 

BIBLIOGRAPHIC 
FUNCTIONS 

UTILIZATION 

Fig. 2 
With some exceptions, the execution of the steps listed in Fig. 1 occur in a quite 

laissez faire way rather than in the deliberate organized approach which would be used 
if there were a real emergency dependence on the data (or perhaps a major industrial 
advantage to have the data in hand). 
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When the data sequence is stated as in Fig. 2 it is quite evident that the 
determination of data quality (critical evaluation) is a missing factor of great 
importance to modern competitive technology and engineering and may even be a matter of 
life and death for sensitive military systems, or toxic waste disposal.  If evaluation 
of the data is included, the sequence becomes (Fig. 3). 

DATA 
PRODUCTION 

BIBLIOGRAPHY 
AND 

COMPILATION 

EVALUATION 
OF DATA 
QUALITY 

UTILIZATION OF 
QUALITY ASSURED 

DATA 

Fig. 3 

It is unfortunate that the three step sequence of Fig. 2 is most commonly used, for 
a variety of reasons, the most cogent one probably being that critical evaluation 
requires fully professionally qualified scientists knowledgeable in detail about the 
way the data is generated and the associated difficulties.  It is not unusual that the 
data producing scientists themselves become professional evaluators. 

When the evaluation step is included as in Fig. 
sequence to be converted into a cycle. This arises 
allows a determination to be made as to whether the 
one or more programmatic implementer ' s purposes. A 
now becomes (Fig. 4). 

3, it now becomes possible for the 
from the fact that the evaluation 
data is of adequate quality for the 
skeleton version of the data cycle 

MORE OR BETTER DATA REQUIRED 

I 
DATA 

GENERATION 

n 
BIBLIOGRAPHY 

AND 
COMPILATION 

n FURTHER EVALUATION REQUIRED 

CRITICAL EVALUATION 
OR 

VALIDATION 
OR 

QUALITY ASSURANCE 

n 
UTILIZATION 

REFORMAT EXTRACTED INFORMATION 

Fig. 4 

5.  Implementation of a Rudimentary Data Cycle 
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To formulate and implement a model for the generic data cycle that is broadly 



1-5 

adequ 
mul ti 
i s ca 
and e 
latte 
empow 
parti 
assur 
prima 
To il 
data 
label 
for s 
gener 
wi th 
at le 
uti 1 i 

ate to t 
di sci pi i 
pable of 
conomi c 
r can on 
ered ove 
cular sp 
ance of 
ry funct 
1ustrate 
area is 
ed Nucle 
ay, Geot 
at i ng un 
any of t 
ast two 
zati on c 

sever 
Fig. 
si mi 1 
with 

al of th 
5.1 a mi 
ar cross 
the Nucl 

he compl 
nary pro 
establi 

determi n 
ly be do 
rvi ew g r 
eci ali ze 
the work 
ions in 
what is 
shown (F 
ar React 
hermal P 
its is c 
he other 
groups c 
ategori e 
e data-p 
rror ima 
1i nkage 

ear   Reac 

e X i t i e s 
grams b 
shi ng a 
ati ons, 
ne with 
oup, wh 
d work 
done. 

the mod 
meant 

ig. 5) 
or Tech 
ower Te 
omposed 
s , but 
ould be 
s were 
roducer 
ge i s s 
s.  Of 
tor Tec 

of hi gh 
ei ng car 
degree 
requi re 
the req 

i ch wi11 
unit, bu 
The gro 

el as it 
by these 
with 1 i k 
nology . 
chnology 
of one 

the data 
done by 

so chose 
units p 

hown for 
consider 
hnology 

ly so 
ri ed 
of va 
s tha 
ui si t 
not 

t mon 
ups m 

i s a 
comm 

ely i 
A si 

. Th 
or mo 
prod 
a si 

n as 
resum 
the 

able 
categ 

phi Sti 
out by 
1 idity 
t i ssu 
e degr 
only p 
i 10 r i 
ust ha 
ppli ed 
ents a 
nterco 
mi 1 a r 
e poi n 
re spe 
ucer a 
ngl e p 
to ill 
ably t 
catego 
i ntere 
ory. 

cate 
non 
whi 

es a 
ee 0 
erf 0 
ts a 
ve r 
to 
sma 

nnec 
segm 
t to 
ci al 
reas 
erso 
u St r 
h rou 
ry 0 
St a 

d te 
-exp 
ch f 
nd c 
f CO 
rm t 
ccom 
ep re 
the 
11 s 
t i on 
ent 
not 

i sts 
wer 

n or 
ate 
gh t 
f Ge 
re t 

chnologi e 
erts i n t 
orces ace 
ri teri a b 
ns i Stency 
he day to 
pii shment 
sentati ve 
parti cul a 
egment of 
s. One c 
of a 1arg 
e is that 

i nteract 
e so sel e 
a f ew. 

that thei 
he approp 
othermal 
he addi ti 

s , useful 
he data f 
eptance a 
e careful 
by a pro 
day mana 

s and pro 
s of each 
r data un 
a much 1 

ategory m 
e area co 
each of 

i ng only 
cted that 
Fu rthe rmo 
r i nput d 
ri ate eva 
Power Tec 
onal dire 

to 
ield 
1 so i 
ly se 
perly 
gemen 
vide 
of t 

it as 
arger 
ight 
uld b 
the d 
peri p 
eval 

re , t 
ata c 
1 uato 
hnol 0 
ct 1 i 

and that 
n legal 
t.  This 

t of the 
qual i ty 
he 
si gned. 
total 

be 
e set up 
ata 
h e r i 1 1 y 
uation of 
he 
ame from 
rs.  In 
gy with 
nkages 

PRIMARY 
FUNCTIONS 

SPECIALIZED 
WORK 
UNITS 

DATA 
PRODUCTION 

FAST NEUTRON 
CROSS SECTIONS 

TIME-OF-FLIGHT 
NEUTRON 

CROSS SECTIONS 

HEAVY ELEMENT 
MASSSPECTROMETRY 

HEAVY ELEMENT 
CHEMICAL ANALYSIS 

TOXICITY OF 
HEAVY ELEMENTS 

TOXICITY OF 
RADIO ELEMENTS 

DATA 
EVALUATION 

GEOCHEMISTRY h 

NEUTRON 
ANALYSIS 

GROUP 

ATOMIC 
ANALYSIS 

GROUP 

DATA 
UTILIZATION 

REACTOR 
CORE 

DESIGN 

HEALTH 
PHYSICS 

/ 
/\ \ \ 

BIOLOGICAL 
HAZARDS \ 

GROUP    \ 

/     /             LEGAL" 
/     /-    INTERVENTION 
"V    /                  AND 
Vy           REGULATORY       ^ ^ 

GEOSCIENCES 
ANALYSIS "^ 

GROUP 

\\\             CONTROL       • 

L _\^ WASTE      _ — - — 
DISPOSAL 

/ 
/ 

NUCLEAR REACTOR TECHNOLOGY 
 \  

BIBLIOGRAPHIC AND COMPILATIONAL 
ENERGY CATEGORIES OF AN 

ENERGY INFORMATION DATA BASE 

Fig. 5.0 



1-6 

DATA 
UTILIZATION 

DATA 
EVALUATION 

DATA 
PRODUCTIONS 

y 
/ 

THERMAL RESERVOIR 
DESIGN 

RESOURCE BASE 
EVALUATION 

ENVIRONMENTAL 
^ -rIMPACT 

' "^ ^ASSESSMENT 
y 

HYDRAULIC 
FRACTURE 

PREDICTION 

TEMPERATURES 
IN BOREHOLE 

ROCK PERMEABILITY 
FLUID CHEMISTRY 

REGIONAL HEAT FLOW 

REGIONAL SEISMOLOGY 
VOLCANOLOGY 

REGIONAL STRESS 
ORIENTATION 

REGIONAL AND LOCAL 
STRATIGRAPHY 

ROCK MECHANICS 
LABORATORY 

PRIMARY 
FUNCTIONS 

SPECIALIZED 
WORK 
UNITS 

THERMAL POWER TECHNOLOGY 

BIBLIOGRAPHIC AND COMPILATIONAL 
ENERGY CATEGORIES OF AN 

ENERGY INFORMATION DATA BASE 

are 

Fig. 5.1 

Note that the bibliographic and compi1ational functions covering these activities 
part of a much larger general energy data base. 

This type of overview role could be performed by a properly constituted Data 
Analysis Center (DAC) and is so done in some cases, but more commonly the data centers 
haVe much more circumscribed responsibilities which restricts their usefulness and 
detracts from their optimum utilization. 
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6.  Program Definition and Management 

In the following discussion it will be attempted to be general in citing 
organizational structures.  For obvious reasons, one cannot expect a unique approach to 
the problems because of differences in national political administrative systems   At 
the same time the differences will not be so great that the management thread, at 
least, cannot be easily followed.  For reasons of familiarity there will be a tendency 
to use the US federal system as a guideline. 
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In many mission-oriented organizations scientific and technology data production is 
done by means of a well defined management structure, but the evaluation and 
dissemination functions are likely to get very uneven treatment. 

7.  Data Production/Generation Organizations 

The means by which data are produced under government department auspices wi 
discussed in terms of optimizing response to the needs of programmatic offices. 

be 

A large share of the numeric data of physics, chemistry, the geosciences and 
biosciences pertinent to departmental mission responsibilities are produced within an 
in-house laboratory complex as discussed earlier.  The specific work items may be fully 
formulated by^ a program manager or may be submitted to program managers either through 
solicited or unsolicited proposals.  Much of this worT is highly original basic and 
applied research requiring complex and costly instruments and devices which are used to 
respond to a wide variety of problems.  In a large department the support for these 
facilities may come from an applied research division which has a strong fundamental 
research orientation not dissimilar to that found in a large university, but other 
divisions with primarily appl i ed science objectives may contribute to "requesting" 
measurements with various priorities established for a more narrowly focused and 
directed set of data needs of interest to themselves.  Some facilities are highly 
unique or particularly versatile and may obtain support from various technical 
divisions inside and outside a particular department.  The sources of the actual work 
will usually lie in large multi-program laboratories owned by the government and 
operated either by a contracting entity or by the government itself. 
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A dichotomy becomes apparent here, i.e. that 
users, but simultaneously producers of some data, 

the programmatic offices are major 
In the case of the disciplinary 

divisions represented as the producer col umn of the matrix, they are simultaneous users 
of some portion of their own data.  This is natural and highly desirable from the point 
of view of morale; it should not interfere with a well managed data system although it 
often does so for various reasons.  Each of the rows and columns of the matrix 
management system must have as a working member a fully qualified staff person from the 
facility or function represented. 

It is important to remember that the functions represented in both rows and columns 
of the management matrix are never performed or implemented by the government 
administrative offices at the headquarters level, but rather by scientists, 
technologists and engineers who are the actual producers of data and the actual users. 
This means that good communication between users and producers is essential once 
measurement programs for a user have been approved and are underway. 

8.  The User Community 

In some sense the user community is the most important component of the data cycle, 
especially when thought of in terms of an end-use economy.  Although sometimes the user 
community is well known, it is in many cases elusive, particularly in those areas of 
industry and commerce where the utilization of quality data and information has not 
fully penetrated.  The following broad types of users are well known. 

A user community may be entirely within a government department, for instance 
in military development or in an in-house space sciences program, but also 
solely for the purpose of elucidating national laws and phenomena. 

A user community may be entirely outside the public sector (in private 
industry or commerce) and may produce little or no data itself, but be a major 
user of data deriving from work funded by a government department for the same 
or totally different utilization.  This community is usually fully eligible to 
receive such data and even create pressure to produce new data. 
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Another type of user may be a private industry acting as a direct contractor to a 
government department or be a joint-effort collaborator in a major applied project. 
And there are no doubt many other data users when specific cases are considered. 

It is clear that the user community must be incorporated into the planning process 
for an efficient data cycle.  In particular, requests for data usually ori-ginate with 
users who are not otherwise involved in the data production/evaluation steps at all. 
On the other hand some of the most sophisticated and necessary data are requested by 
producers and evaluators in order to improve their own capability to make difficult 
measurements or evaluations needed by the more applied users.  This latter matter will 
become clearer when the necessity for standards, discrepancy analysis and new device 
instrumentation are discussed.  A parallel statement can be made about developers of 
data bases since their requirements may reveal needs for data not yet produced. 

Data bases are the fuel for activities primarily user oriented, i.e. they are 
designed to be responsive to specific needs of the user for his problem solving 
commitment.  Thus the initial determination of specifications for a given user would 
best come from himself.  Depending on the breadth of the component data requirements 
and the capabilities and training of the user, the data cycle may be entered at one or 
more points.  The initial exploration is likely to be into the bibli.ographic/compi1a- 
tional functions which will then quickly provide guidance in to specialized areas of 
data assessment and evaluation.  All data bases seem to require iteration and updating 
for completeness.  In many cases the course of problem solving leads to tightened 
specifications especially with respect to limits of accuracy. 

The user community associated with each set of applied data needs must have a 
management mechanism which allows it to communicate data requests effectively to data 
producers and evaluators.  Each such user group must also establish its own internal 
priorities for the data requested and transmit this into a broadly based organizational 
structure which can incorporate request, priority and data specifications into the 
overall data cycle system to have the overriding priority established.  This 
organization may also be able to help with scheduling when the work should be done. 

9.  The Bibliographic/Compi1 ational Functions 
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A more serious problem for which the light at the end of the tunnel is not yet 
visible is the one of providing quality assured data now to be touched on. 

10.  The Data and Information Evaluation Function 

A great deal will be said about this in subsequent lectures for several reasons. 
One of these is the fact that it is not always recognized how important this function 
is becoming even in non-technical uses.  Another reason for the inadequate attention 
evaluation gets is that it must be done by scientists who themselves have experience in 
the subdisciplinary area they are evaluating which means that the manpower pool 
applicable is very small.  A very serious management difficulty which besets evaluation 
work as a whole arises from the fact that there is no broadly established 
responsibility for the function nor is there even-handedness in the handling of this 
activity by departments or even within departments.  This results in there being 
seriously inadequate funding to support the work which then falls behind and continues 
so and, even worse, there is no uniform support for evaluation even by the funders of 
the data producing function.  There is thus no policy for the accomplishment of 
evaluations other than response to funding for special purpose assignments or at the 
desire of the evaluator himself for whatever his motivation might be.  It would seem to 
be most desirable to establish at least discipline wide philosophy and policies for 
performing evaluations systematically. 

Some attention should be given to the development of data bases from evaluated data 
in eol 1 oboration with the interested users.  In this way the people most knowledgeable 
about the content of the data would be brought into the formation of the most useable 
output and could in fact also provide evaluation for data bases themselves. 
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11.  Model of the Data Cycle 
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With respect to Data Extraction when the Data Requirement is being established, a 
complete bibliography for the category must be made available identified as to quality 
of data and quality of evaluation. 

With respect to Data Requirement, programmatic data requirement is generally in 
multiple subdisciplines.  A single data production group is unlikely to be able to 
provide all the data for all the program needs. 

With respect to data reporting, programatical1y "reporting" is done by: 

Publication in professional reviewed-journa1s-best 
Published as laboratory issued documents available to requestors-acceptable 
Published in classified documents even though only a portion of the data is 
classified-problem area 
Data remain in Laboratory notebooks in both raw and reduced form-inexcusable 
Data never brought to any useful professional conclusion-intolerable . 
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single   evaluation   group   is   likely   to   have 
but   in   great   depth   of   scientific   and 
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Fig. 6.2 
With respect to Numerical Data, this important Committee must have subpanels of 

experts at least in such areas as: 

0 fundamental constants and standards production 
0 discrepancy analysis 
0 experimentalists with hands-on experience 
0 invention, design and construction of new measurement devices 
0 and others. 
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Neither model nor organizational system are so unique that the format shown needs 
to be closely followed; the model is shown primarily to serve as a guide to what can 
and what may work.  In view of the fact that data and verifiable information is a, or 
even the, major output of those departments of government which are scientific and 
technical in nature, it is truly desirable to make a systematic and determined approach 
to improve what is done with the data generated.  In fact, when this is not done, the 
data producing departments are abrogating their responsibility for their primary 
product. 

12. Review and Advisory Management Structure for the Data Cycle 

In order for the above model to work properly it is necessary that there be 
management subgroups within some of the functions shown which will arrange the 
implementation of necessary actions.  For instance users external to a department which 
gets data produced must each have an internal-to-themselves data needs group to 
establish needs, priorities, accuracies desired, time required and other 
specifications.  To accomplish this assignment the users must communicate with data 
evaluators and data producers; in a few situations this can be done directly, but more 
usually it will have to be done through a coordination committee. 

Note that the data producers and data evaluators are either in, or are under the 
jurisdiction of, the department's division which responds to measurement requests 
coming from program divisions.  For this reason each department program-division must 
also have a data needs committee or contract out that function.  The requirements for 
these in-house needs are essentially the same as those of the external users with the 
additional responsibility of the in-house group to integrate all requests into a 
categorized request list. 

An established channel must be set up for all data needs committees to transmit 
their requirements to the compilers of the request list and communicate with data 
producers and evaluators.  This latter communication is for information purposes and 
carries no force of implementation.  The official channel of communication between 
users and producers and evaluators of data could be a coordination group as follows. 

13. Numerical Data Coordinating Committee 

A full plenary group would be composed of representatives from each of the 
disciplinary subdivisions of a department's research division since this is where the 
program management responsibility is lodged.  To these must be added appropriate 
representatives of those laboratory complexes where the data is actually produced 
either to order or by choice of the scientists.  Appropriately chosen representatives 
of the evaluator community must also be on this committee. 

and 
This is now the decision making group which is in a single data category channel 

1) Accepts user input in the form of requests for data; 

2) Melds requests of the same category and establishes an overall 
priority for each measurement item; 

3) Transmits agreed upon requests to data producers and/or  evaluators; 

4) Monitors accomplishment of work; 

5) Determines whether measuring methods and devices in existence are  adequate 
to the requi rement; 

6) Sets up expert standing subcommittees on such matters as measurement status, 
standards, discrepancies, new facilities and new techniques; 

Normally this committee would not meet in plenary session 
assignment by having each of its meetings addressing only one 
areas so that only those with the applicable generation, evaluations 
responsibilities would need to attend. 

and would accomplish its 
or two speci fi c data 

and uti 1 i zati on 

It must be apparent that the subject of data bases, the useful form of all the 
foregoing work has been only superficially mentioned.  This is a result of the fact 
that the numbers and information which go into the data bases must first be produced, 
processed and quality assured.  Unfortunately this may often take years to produce the 
inputs to a data base being formulated.  The formulation of this last step is then 
complex, but no longer subject to the problems discussed above and will be given the 
expert attention deserved by later speakers. 

CONCLUSION 

What has been presented here is a large scale and even schematic map of what a 
fully implemented data cycle might look like and what might be needed to operate it. 
Following speakers, experts in various facets of this field will provide insights in 
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depth as to how the work Is truly accomplished and what problems lie in the way. 

My own thesis is that the total implementation of the utilization of data and 
information is of such great importance to our culture, nations and region that it must 
be accomplished in a far more explicit and organized way than now and in the past and 
will require careful study of how this can best be done.  A second component of this 
thesis is that neither private nor public sectors of our political organizations can 
accomplish the longer range expected objectives alone thus requiring rational 
public/private arrangements to be established. 



2-1 

TYPES OF TECHNICAL CONTENT OF DATA 
by 

David G. Watson 
Senior Research Associate 

University Chemical Laboratory 
Lensfield Road 

Cambridge CB2 lEW 
England 

SUMMARY 

The various uses of the vord "data" are noted and a convenient definition of numeric data is proposed. 
Data can be broadly categorised in terms of the uses to which they are put or in terms of who uses them. The 
paper attempts to provide a brief overview of the characteristics of scientific data and does so with 
respect to a simple classification scheme. This scheme categorises data with respect to time, location, mode 
of generaticm, nature of the quantitative values, terms of expression and mode of presentation. It is 
illustrated by examples taken froti the physical, earth and biological sciences. Finally some of the special, 
problans associated with, for example, geophysical and biological data are noted. 

It could be said that data ccmstitute the life blood of human society. Each day we are presented with 
packages of data through the media of newspapers, radio and television. However there are only a few 
situations when an individual is in a position to check the authenticity of such data and the 
interpretations which have been placed upon them. As scientists and technologists, on the other hand, we 
have been trained to handle data in an objective manner and seek to apply the data without personal bias. It 
is probably true that the majority of scientists have, until recently, been concerned with data frcm the 
rather narrow fields of their own scientific specialisations. Increasingly, however, there is a need to 
utilise data from several scientific disciplines as part of a mission-oriented project and it is against 
this background that I wish to introduce seme feeling for the great variety of scientific data types and 
same of the problems associated with them. 

In the English language the word "data" is used rather freely by both scientists and non-scientists. A 
survey-*- of chemists, conducted sane eleven years ago, revealed that 49% equated data with facts, 32% with 
numbers and 19% with other information. For most scientific disciplines it would be appropriate to say that 
data constitute the results of experiments or observations in the laboratory, workshop, field, observatory, 
clinic etc. For numeric data a ccxivenient definition might be the following :- 
A given piece of data normally refers to the magnitude of some quantity characterising seme property or 
phenonenon of a certain system measured under a certain condition. Consider the boiling point of ethanol in 
the context of this definition. The quantity is the temperature, the property or phenomenon is the co- 
existence of liquid and gas phases in equilibrium, the systan is the chemical compound ethanol and the 
measurement ccmdition is standard atmospheric pressure. 

The classification of data can be ccxisidered frcm a number of viewpoints, '''or example, in the 
technological field, one could group data in a broad fashion according to the category of person v*o needs 
to use the data. Thus the scientist or engineer will need property data, design data etc. for the purpose of 
research and problem-solving, whereas the manager and other administrative personnel will require product 
data, marketing data, regulatory and other legal data and so on. 

Another facet of the data/user situation indicates three major groups of data :- 
(i)  Data which are generated in a specific discipline and used almost exclusively by specialists in the 

same discipline. Examples of such data would be crystal structure factors, seismographic records, 
electrocardiograms. 

(ii) Data which are also used by scientists in a limited number of related disciplines, eg. data on 
ferranagnetic materials, steam tables, the genetic code. 

(iii) Data which are used more widely,eg. the physico-chanical properties of organic and inorganic 
cctnpounds, tide tables, toxicity data, human visual sensitivity to colours. 

Sane years ago^ the Task Group on Accessibility and Disssnination of Data (a task group of OCOATA - the 
Committee en Data for Science and Technology of the International Council of Scientific Unions) elaborated a 
simple classification scheme which is applicable to the broad range of scientific data. According to this 
scheme, data can be divided into six major categories :- 

(A) Data with respect to the time factor 
(B) Data with respect to the location factor 

(C) Data with respect to the mode of generation or derivation 
(D) Data with respect to the nature of the quantitative values 
(E) Data with respect to the terms of expressicm 
(F) Data with respect to the mode of presentation 
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(A) Data with respect to the time factor 

Seme data can be measured repeatedly, ie.they are tune-independent (Al), whereas others can be measured 
only once, ie. they are time-dependent (A2). Most of the data of physics and chemistry belong to category 
Al. In astronony, data on fixed stars wDuld also be time-independent, whereas geophysical data measured on 
the occasion of an eclipse of the Sun wDuld be time-dependent. In seme cases where measurement is difficult, 
either for technical or financial reasons, then data which are, in principle, time-independent becane time- 
dependent. Exanples might include data fran deep ocean beds or data collected by manned space vehicles. 

(B) Data with respect to the location factor 

Seme data are independent of the location of the measured objects or phenomena (Bl), whereas others are 
location-dependent (B2). As with the time factor, most data in physics and chanistry are locatiai- 
independent. On the other hand, many data in the earth and astro-sciences are location-dependent, eg. data 
on  rocks, fossils, meteorology. Equally, when ecological and biogeographical factors are ccnsidered then 
many biological data become location-dependent. 

(C) Data with respect to the mode of generation or derivation 

Primary data (Cl) are data which are obtained by esqjeriments or observations that have been designed 
specifically for the measurement of the particular quantities. Examples frcm chemistry, geophysics and 
biology are cptical spectra, seismographic data and physiological data such as respiration rates, blood 
volumes etc. 
Derived data (C2) are data derived by the ccribination of several primary data with the aid of a theoretical 
model. Well-known examples of derived data are the fundamental constants of physics and chemistry, the 
tarperature distribution in the Sun and the genetic code. It should be noted, in passing, that the primary 
data used for the derivation of C2 data will usually have been processed to seme degree, often referred to 
as data reductic«. It is important that details of the data reduction process should have been fully 
documented so that the derivation process is based on valid primary data. 
Theoretical data (C3) are data which are pproduced by theoretical calculations or predictions. Molecular 
properties calculated with the aid of quantum mechanics or the prediction of solar eclipses using celestial 
mechanics are examples of theoretical data. In genetics an exaiiple would be the prediction of the external 
expression of the hereditary ccxistituticai of an organism frem the assortment of genes v^ich are present. 

(D)  Data with respect to the nature of the quantitative values 

Determinable data (Dl) are data en  a quantity which can be assumed to take a definite value under a 
given cc«idition. Most of the macrosccpic data of physics and chanistry are determinable, as are the elanents 
of planetary orbits. In biology, with the exception of abnormal specimens, the chronosome numbers and gene 
loci are constant for a given species. 
Stochastic data (D2) are data an  a quantity vihicii  takes fluctuating values from cne sample to another, from 
one measurement to another, etc., even under a given condition. Examples would be the shapes of polymers in 
solution, the structure-sensitive properties of solids, soil conposition, solar flares and, in biology, most 
data on animals and plants of a given species are different from one specimen to another. 

(E) Data with respect to the terms of expression 

Quantitative data (El) are measures of scientific quantities ejqjressed in terms of well-defined units. 
Most of the data of physics and chemistry are quantitative, as are meteorological and physiological data. It 
should be noted that certain quantities are expressed by numbers using arbitrary scales. An exatrple of such 

sani-quantitative data would be the Mohs scale of hardness. 
Qualitative data (E2), taken broadly, may include any definitive statanents concerning scientific dsjects, 
properties or phenomena. An obvious example fron geology would be the description of rocks in terms of 

texture, colour etc. 

(F) Data with respect to the mode of presentation 

Numerical data (Fl) are data presented as isolated numerical values and most quantitative data would 

correspond to this category. 
Graphical or model data (F2) are data presented in graphical form or as models. This mode of presentation is 
caimonly used to sunmarise data and to assist the user in his perception of the essential features of the 
system under study. Examples include phase diagrams, molecular models, geological maps, metabolic pathways. 
Symbolic data (F3) are data presented in symbolic form, often for the sake of clarity and ease of 
understanding. An example would be the symbolic presentation of weather data. 

The six major categories which have been described are not mutually exclusive but rather they provide a 
faceted classification scheme. Thus, for example, meteorological data can be regarded as time-dependent, 

location-dependent, derived, stochastic, quantitative, numerical or graphical. 
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Whereas the use of ccnputerised bibliographic databases is now fairly routine, both by scientists and 
intermediary personnel such as librarians and information officers, the same cannot be said for numeric or 
factual scientific databases. Indeed, many people have expressed seme unease concerning the "black box" 
retrieval of numbers and facts frcm canputerised systans. The safeguards which must be applied will, no 
doubt, be discussed later in this series and probably amply illustrated with examples taken from the fields 
of chemistry, j^ysics and engineering. I would therefore like to give a very brief account of some of the 
problems which are inherent in data fron sane other scientific disciplines. 

In geophysics the observational data can be regarded as of two principal types^, viz. monitoring or 
survey data. In the former the same parameters are observed repeatedly at a given location under conditicns 
which change with time eg. data on volcanic activity or variations in the Earth's magnetic field. Surveys, 
on the other hand, involve repeated observations of the same parameter successively at different locations 
under conditions which do not change with time (at least for the duration of the observational experiment). 
An example of survey data would be measurements of water temperature at a specified depth along the path of 
travel of an ocean cruise. The proper interpretation of many data types in geophysics often requires that 
the scientist should have access to data an  similar measurements made at other locations and, on an 
international scale, there is a clear need for systematic and timely exchange of data. In fact, during the 
International Geophysical Year in 1957, this need was met by  the establishment of the network of World Data 
Centres. These centres, located in the USA, USSR, Japan and Western Europe, undertake to collect and 
exchange data in all the major branches of geophysics. 

In geology the description of any stratum or rock body involves the recording of data (xi conposition, 
shape, spatial orientation in relation to its neighbours, geographical location, age etc. It might have been 
expected that geologists would have developed a fairly high level of consistency in identifying the many 
different types of rocks which exist at the Earth's surface. In fact, international tests have been 
conducted v*ereby the same rock samples were examined in various laboratories and the resulting descriptions 
revealed considerable divergence frcm uniformity. Neverthelress, in recent years, some progress has been 
made to improve the consistency of data description. Mucch of the impetus for this has ccme frcm petroleum 
exploration activities where consistency in the recording of drill and core data is obviously of great 
importance. 

The handling of biological data^ introduces factors which are not present in the case of physical data. 
The three factors which distinguish living from non-living matter are reproduction, metabolism, growth and 
associated with each of these is variablity. In individuals variations can be produced by adaptation or 
acclimatisation. From generation to generation the variability can be further proliferated by mutations and 
selection, also by learning in the case of the higher animals. Another interesting source of variation is 
caused by the act of measurement itself. The use of drugs, anaesthetics etc. interferes with the normal 
biological functions and thus it is of paramount importance that biological data are recorded with very 
detailed descriptions of the environmental parameters. 

In recent years political pressures have resulted in the establishment of a large number of databases 
concerned with environmental data. One such area is concerned with data on toxic substances in foodstuffs. 
The demand for these data can be attributed to a number of factors eg. the increased use of agrochemicals"to 
increase food production, the growth of heavy industry resulting in food contamination by lead and other 
industrial pollutants, the increasing use, by the food industry itself, of dyestuffs, flavourings and 
preservatives. Even though governments have spent large sums of money for the establishment of appropriate 
databases it is quite likely that seme of these are doomed to failure because the necessary data have not 
been recorded at the various stages of the long food production chain. Examples of such missing data might 
include the methods of packaging and storing the foodstuffs, the cooking techniques and the properties of 
the utensils, the nature of the water supply, the age of the plant or animal and the part of it which was 
used for analysis. 

In conclusion, I would like to stress the point that, no matter from which subject area they are 
generated, data can be of optimal usefulness only if they are associated with sane realistic estimates of 
their reliability. The critical evaluation of data with the assignment of quality indicators is one of the 
most important aspects of data handling and this topic will be developed in subsequent lectures. 
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Sources Generating and Reporting Numerical and Factual Data 

Dr. Malcolm W. Chase 
The Dow Chemical Company 

Thermal Group, 1707 Building 
Midland, Michigan  48640  USA 

Summary 

The re-use of experimental data can be a frustrating endeavor. This is frequently due 
to the re-use of data in an attempt to solve problems for which the original 
experimental work was not directed. An experiment (or set of experiments) which is 
designed properly to solve a specific problem may well be severely lacking in 
sufficient information when applied to unrelated problems. 

The nature of the laboratory (university, government, or industry) normally will often 
dictate whether the information is required for basic or applied technological 
purposes. Time, money and internal political pressures in turn affect the thoroughness 
of the study and the resulting publication. Often these pressures detract from the 
authors' awareness of the greater utility of their results. Thus minimal data can be 
even further limited as a result of the attitudes and publishing policies of the 
laboratory and journal. Examples of this interplay and its effects will be given in 
the areas of low temperature calorimetry and vapor pressure. 

Introduction 

This presentation will discuss the experiences of a laboratory in its never-ending 
search for "data". The Thermal Group of The Dow Chemical Company Is a physical 
chemistry laboratory with primary strengths in thermodynamics. As such, the laboratory 
is involved in the quantitative aspects of chemistry. Our prime activities involve the 
experimental and theoretical/calculational determination of heats of chemical reaction, 
heat capacity and thermal conductivity of materials, vapor-liquid equilibrium in binary 
and ternary systems, and vapor pressures of chemicals as well as other 
thermodynamic/kinetic activities. At The Dow Chemical Company these data are typically 
used by chemical engineers to design safe and efficient production facilities. 

In order to perform our activities efficiently, our experimental and 
theoretical/calculational efforts are designed to build on existing information. Thus 
a significant effort is directed towards being aware of and using available information 
which is pertinent to our physical chemical involvement. Literature surveys, technical 
meetings, and personal contacts form a solid basis for maintaining a high level 
awareness of relevant information. The type of data we need is typically used 
repeatedly. The thermodynamic/kinetic application is often a use of data in a 
scientific discipline for which the original work was not intended or anticipated. 
Thus our awareness must be broad and not restricted to the direct generation of 
thermodynamic/kinetic information. It must encompass any and all scientific 
disciplines from which relevant information may be derived. Of equal importance is the 
knowledge that pertinent information exists, that such information is retrievable, and 
that such information can be easily accessed time and time again. This talk will deal 
with the generation of such data and the reporting thereof, using thermodynamic 
examples for illustration. 

JANAF Thermochemical Tables 

Very early in the existence of The Dow Chemical Company, the research and production 
people recognized the utility of thermodynamic data to predict the feasibility of 
chemical reactions, equilibrium conditions, vapor pressures and the like. By 1940 it 
became apparent that the thermodynamic data culled from the literature was insufficient 
in both quality and quantity for the company's needs. At that time the Thermal Group 
was created to determine thermodynamic parameters and to evaluate the data from the 
literature. 

The early systematic collection of data was accomplished under the direction of Dr. D. 
R. Stull. This early data collection and measurement was directed towards materials of 
company interest. A portion of this collected and determined data was published in 
1956 under the title of "Thermodynamic Properties of the Elements" (Advances in 
Chemistry Series #18 by D. R. Stull and G. C. Sinke). The tabular format and the 
298.15 K reference temperature used in this publication have been widely adopted by 
others working in the field. Coincident with the data collection, computer programs 
and techniques were specifically developed for the critical assessment of the data and 
the compilation of thermodynamic properties. Throughout this period, those people who 
evaluated literature values were also making measurements and determining the accuracy 
of the evolving methods so that they would have first-hand knowledge of the validity of 
the data. In many cases the literature data was validated by repeating the measurement 
in the laboratory. 

In 1958 The Dow Chemical Company proposed a program for the United States government 
directed toward the development of high energy propellants. At that time the 
difference in various estimated heats of formation for compounds of interest could 
change the energy of a system by as much as 20%, so a strong thermodynamic section was 
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written into the proposal. This proposed work resulted in the JANAF Thermochemical 
Tables which are the oldest regularly maintained and updated compilation of temperature 
dependent thermodynamic properties of chemical species in the United States. 
Originally sponsored by the Department of Defense in 1958, they were later continued 
with Air Force funds. In 1976, the Department of Energy joined the sponsorship for a 
program of critical evaluation and compilation similar to that of the Air Force, but 
working with chemical species selected for their relevance to energy research. 
Currently, this project receives only Air Force support but the uses of the data have 
been extended far outside the bounds of propellant evaluation. 

Thermodynamic data can be derived from a variety of different studies. Some of the 
more common sources are: cryogenic heat capacities, drop calorimetry; heats of 
combustion and reaction; equilibrium studies, vapor pressure, mass spectrometry, 
electrochemical cells; kinetic studies; matrix isolation spectroscopy, quadrupole 
electric deflection, electron diffraction, microwave spectroscopy, molecular beams; 
infrared and Raman spectroscopy, ultraviolet spectroscopy, and photoionization 
spectroscopy. This list serves as an indicator of the many diverse fields which 
provide pertinent data. New methods for generating such information are constantly 
being found, and each needs careful analysis for reliability, preferably by scientists 
who have first-hand knowledge of the methods, procedures and equipment used to make the 
measurement. This reflects the interdisciplinary uses of data (and techniques); the 
data generators are not always aware of all potential applications of their data. On 
the other hand, those in need of data may not fully appreciate the applicability of 
data from another discipline and its real contribution to their project. 

The Integration of these various data into a concise and consistent format is of great 
value to scientists and engineers, particularly those who are engaged in the 
development of propulsion systems and high temperature materials. Merely collecting 
and summarizing all of the thermodynamic data from the many diverse sources in one 
place is in itself a great value, and the critical evaluation and mathematical 
derivation of secondary parameters by those skilled in the art is an additional large 
benefit. 

The JANAF Thermochemical Tables are documented such that each table contains the 
following information: (1) a tabulation of temperature dependent values (at 100 K 
intervals and at 298.15 K) of Cp° , S° , {H°-H° (298. 15 K)} ,-{G°-H° (298.15 K)}/T, A^H", 
AoG°, and log K, and (2) a text which describes the critical evaluation of the adopted 
values and itemizes input data used in the calculations, and the method of calculation 
used. Based on users comments, the previously accepted format of the text may be 
modified to include some additional information. For example, we now prominently 
display the dissociation energy for diatomic gases and the heat of atomization for 
polyatomic gases. In the future, we anticipate adding crystal structure data and more 
detailed numerical data at phase transitions. Since many users need to interpolate the 
values in our tables (perhaps using an equation), tabulated values at intervals less 
than 100 K would be useful for temperature ranges where the temperature-dependent 
functions change very rapidly and/or nonuniformly. Data users can greatly increase the 
value of data generated by others by actively commenting on additional data needs and 
the reasons/uses for such additional effort. 

The quality and the useful range of each thermochemical table depend not only on the 
quality, quantity, and extent of the available experimental and theoretical data but 
also on the methods used to calculate the functions Cp°, S°, {H°-H°(298.15 K)}, -{G°- 
H°(298.15 K)}/T. In our study of chemical species, we decide on the degree of 
sophistication of treatment based on our interpretation of the quality, quantity and 
extent of available data. Existence of sufficiently extensive data for a diatomic gas, 
for example, may justify use of a direct summation treatment instead of the classical 
approximation of Mayer and Mayer in the statistical mechanical partition function. The 
more sophisticated treatment should give a significant increase in accuracy in the 
final product in order to justify the extra time and effort. We must judge from the 
available data whether this will be the case. 

When the study of a particular species is completed, we compile a list of "missing 
data" which, if available, would significantly reduce the uncertainty in the 
thermochemical table. Our aim is to promote experimental and theoretical studies in 
those areas which are unknown or have a high uncertainty, instead of those areas which 
are well known. Additional studies should be directed at filling in the data gaps or 
confirming data which may be suspect. 

In this summary of our activity with the JANAF Thermochemical Tables, four data 
generator concerns have been highlighted: 

(1) the interdisciplinary uses of data; 

(2) the communication of the data users' needs to the data generators 

(3) awareness  of  the  relationship between quality of data generated versus 
sophistication of the data application; and 

(4) the usefulness of listings of missing or insufficient data. 
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These concerns will be mentioned, directly or indirectly, many times in this 
presentation. 

Data Generating 

In examining the data generated by any laboratory, it is oftentimes easy to be very 
critical of the quality, quantity, and extent of the data produced. How often have you 
questioned the thoroughness of a study, the quality of the results, the lack of 
understanding of the problem, the poor sample characterization, and so on. Although 
these (and others) are valid concerns, they should be tempered by an understanding of 
the project objectives under which the data was generated and the technical knowledge 
and experimental capabilities available at the time and at the location the project was 
performed. 

Data needs are becoming more and more sophisticated with each passing year. Many years 
ago, say approximately twenty years, the so-called final results of many projects were 
data limited; the results were not limited by the data treatment techniques. 
Conversely, today there are more projects which are limited by the degree of 
sophistication of the data treatment technique employed, rather than by the data 
itself. Thus, the demands on the data generators are increasing. Data users are 
expecting and demanding an increase in the quality, quantity and extent of the data 
generated. This is a reasonable demand based on our current developing experimental 
capabilities and the increased technical understanding. For example, the automation of 
laboratory equipment certainly has removed many of the manual problems in the 
experimentation. More data points can often be recorded in a shorter period of time 
with more precision. This more easily obtainable data often reveals effects not 
previously observed. It is always appropriate to assess the quality, quantity, and 
extent of data generated in any project, but any criticism of the study itself should 
be made in terms of the knowledge at the time of the study rather than on today's 
knowledge. 

The other aspect of the data generation problem concerns the project objectives. We 
try to be aware of the numerous existing laboratories which can produce data. These 
laboratories - national, private, and university - normally produce data as part of a 
defined project. In projects of interest to the JANAF staff, the thermodynamic data 
for a particular species, although a necessary portion of the project, may not be the 
prime activity. Herein lies a major frustration - the information of prime importance 
to the JANAF staff may not be of prime importance in the project producing such data. 
This frustration can be tempered somewhat by knowing the nature of the laboratory, the 
types of projects it is typically interested in, and the relative importance attributed 
to the various data produced. Such an understanding permits an appreciation of the 
whys and hows of a particular study as it was conducted. It can often provide insights 
as to where to obtain the data and how to persuade authors to expand their experimental 
study to be of more value to others. This could be especially easy if these multiple 
interests are financed by the same agency. 

The quality, quantity, and extent of any data generated will be determined by the 
relative importance of such data to the overall project. This restriction is a result 
of the limited objectives and limited finances of the project. The data is generated 
to satisfy a particular end use, as such it may not adequately satisfy other end uses. 
Even in laboratories specializing in thermodynamic measurements, the amount and origin 
(which normally defines objectives) of the financial support will often impose greater 
restrictions on the quality, quantity, and extent of data than the nature of 
laboratory. Your project and its data needs may well not match the data needs of 
another project and as a result, the quality, quantity, and extent of data produced may 
not be mutually satisfactory for both projects. 

Regardless of the priority of the many data generating activities in a project, the 
quality and extent must be carefully assessed. In the originating project the effect 
of the uncertainty in all generated data should be assessed as to its effect on the 
results of the overall project. The need for highly accurate/precise data may well in 
turn cause a reassessment on the time and financial commitments necessary for this 
work. On the other hand, if the effect of the data on the results of the overall 
project is such that a rather large uncertainty can be tolerated, a less precise 
experiment often may suffice. 

In summary the data generating aspects of a laboratory are tied to the project 
objectives, which in turn are restricted by the origin and financial terms of the 
support. Such data can be used effectively provided an assessment as to the quality, 
quantity, and extent of the data is made. However, limitations in the quality, 
quantity, and extent of the data may result from the relative importance of the data to 
the overall study, the impact of the quality of the data on the final project results, 
the experimental capabilities available at the time of the project, and the actual end 
use for which the data was actually generated. 

Data Availability 

Data can arise from many laboratories - private, national and university. These 
laboratories have experimental and theoretical programs ranging from basic to applied 
research.  Although these aspects certainly affect the data generating activities, the 
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larger effect arises from the amount and source of funding. It is the author's 
contention that the project selection is determined from the type (private, national, 
or university) and nature (basic or applied) of the laboratory. These laboratories 
apply for funding in project areas which fit their goals and objectives. Of course, 
these are tempered by the rise and fall of the presumed importance of various 
disciplines. There is certainly a tendency to go with the easier money or the more 
fashionable research of the day. As mentioned earlier, the relative importance of any 
specific data to the overall project and the end use of such data in that project will 
dictate the quality, quantity and extent of the data generated. 

In the development of any project, the investigators themselves must perform the role 
of a data evaluator first and the role of a data generator second. The investigators, 
in appraising the overall data needs of their project, should be aware of all the 
available relevant literature. Then the proposed data generation activities should 
build on this available information. The investigator must access all the available 
information. This can be viewed as a three-step process. First, can a scientist 
verify that the data does, or does not, exist? Second, knowing that the data exists, 
can the scientist obtain the data? Third, having obtained the data, is all the 
essential information available? Compared with the data generating activity itself, 
this three step procedure is not only inexpensive but also requires little time. 
However, it is not always performed efficiently or completely, if at all. 

Does the data exist? The ease with which this question is answered depends on the 
attitudes and publishing policies of the previous data generators. The more a data 
generator makes use of the available data, the more a data generator is aware of the 
data recovery problems. Hopefully each successive data generator will improve the ease 
of data recovery. 

Each scientific discipline normally has a handful of Journals (or the like) which 
specialize in this discipline. If the study is published in one of these journals 
which indeed does specialize in the same field of activity, then most scientists verify 
the existence of the data by manually scanning this journal. If the study is published 
in an unrelated Journal, then such data may not be found easily. Of course if the 
material is not published at all, one can imagine the difficulties in knowing such data 
exists; such knowledge rests solely on personal contacts. The investigator must be 
aware of the normal location of the data of interest so as to search in the best 
locations. 

The expansion of the number of Journals and, more importantly, the expansion of the 
interdisciplinary use of data renders a solely manual search inefficient. A more 
encompassing survey can be made through the use of the abstracting services. These 
abstracting services are numerous and include Chemical Abstracts, Physics Abstracts, 
and National Technical Information Services. The key assumptions here are that the 
study is indeed published and made accessible by the choice of the proper key words for 
the abstractors. In addition, it is important to choose a title that properly 
describes the study and to state in the abstract the data that are really available in 
the article. The authors and abstractors play a vital role in assuring that all data 
in a published study is indeed recognized and cited by the abstracting services. It is 
not unusual for secondary data to be buried in a publication and be rendered 
essentially inaccessible due to a lack of a visible reference to it in the abstract, 
for example. 

There are many abstracting services. Although there is much duplication in coverage 
between them, each refers to some Journals/documents not covered by the others. Thus 
by using the abstracting services, either manually or by computer, the scientist can 
cover a much larger number of journals quickly. Two words of caution, however, are 
necessary. First, always use more than one abstracting service (especially true for 
thermodynamics). Second, each abstracting service has its own strengths and weakness - 
learn what they are. For example, in the use of Chemical Abstracts, if you are 
interested in obtaining all the data on'the vapor pressure of boron, you can search 
under vapor pressure and boron. Interestingly, you will find more vapor pressure data 
for boron when searching under "boron" than if you searched under "vapor pressure". Of 
course, if the journal chosen for publication is not covered by the abstracting 
services, the data is rendered inaccessible by these sources. Another not to be 
forgotten source of possible data is the governmental research directories and the 
like. 

A specialized spinoff from the abstracting services is the bibliographies which contain 
listings of more specific data. For example, in thermodynamics, there are the Bulletin 
of Chemical Thermodynamics, Bibliography of High Temperature Chemistry, and Index 
Thermochimique. These publications give references to the available data. Although 
these contain mostly information also available from the abstracting services, they 
often have additional sources. The main advantage is, of course, the collection in one 
place of all the specialized data. In addition, there may well exist comprehensive 
compilations which summarize and/or critique the available data. 

Can the data be obtained? Local libraries and interlibrary loan programs normally 
permit access to the data which is published in the more common journals. The use of 
obscure journals and data depositories may slow the recovery of the data but at least 
the data is available.  Proceedings of conferences, government documents, and national 
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laboratory reports may be difficult for the scientist to obtain directly, but skilled 
librarians can normally obtain this latter information easily. Again, the assumption 
is that such reporting is available to the abstracting services. 

Is all the pertinent information available? Any proposed data generation should build 
on existing information. One of the many advantages in obtaining previous publications 
of related work is to gain better insight into the potential experimental problems. 
Duplication of previous studies may be necessary for verification or calibration, but 
the investigator must ensure that the same experiments are being performed and that the 
experimentation is correct. The failure to recognize earlier related studies will 
undoubtedly reduce the value of the new study. 

Data Reporting 

The preparation of a high quality comprehensive publication requires considerable time. 
An in-depth description of the study, including all data generating activities, may not 
be possible under the funding constraints of the project. Funding agencies are 
seemingly encouraging publication in a respected journal with a sound reviewing policy. 
This is their way of ensuring the quality of the research results. Limitations in the 
publication may well match the relative importance of the various data generating 
aspects of the project. 

The data reporting activities may be classed as published and unpublished. Keep in 
mind that primary and secondary data generated in a project may not truly belong in the 
same journal.  Consider the following questions: 

A. Where are the results published: 

1. in a journal consistent with primary project objectives 

2. in  a  series  of  unrelated  journals,  since prime data generation and 
secondry data generation differ 

3. as quarterly/annual progress reports 

4. as laboratory reports (available outside laboratory) 

5. as a talk at a technical meeting (proceeds published) 

B. If the results are not published, are they available: 

1. as laboratory reports (not readily available outside of laboratory) 

2. as confidential/restricted information 

3. by letter, telephone 

4. announced in compilations/bibliographies/meetings 

5. in certain data depositories 

In this series of questions, normally the published categories are accessed by the 
abstracting services, whereas the unpublished categories are not. Thus, the second 
category leads to frustration in the data recovery process. Publication in an obscure, 
hard-to-obtain journal or certain data depositories or in an unabstracted contract 
summary will often render the data inaccessible. 

Given the fact that the researcher has decided to publish the results, the publication 
will exhibit two types of limitations in the degree of transfer of information. The 
publication will be author-sponsor limited and publisher limited. 

The author-sponsor limitations center on: 

1. considering the entire project, the more important data generating activities 
in regards to its primary result will receive more emphasis 

2. the importance of publication to sponsor and author (will determine location 
of publication and completeness of documentation) 

3. awareness of other possible uses of data. 

The publisher limitations center on: 

1. space limitations (no experimental data tabulations?) 

2. philosophy of journal (type of data information) 

3. review policies (too strict or not strict enough). 

There is undoubtedly a tendency to restrict publication to the new results without 
addressing the comparisons with existing information or the effect of secondary 
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information on the prime result. A tabulation of the experimental data, along with a 
graphical display of such in comparison with other data, is invaluable in any article. 
Tabular comparisons are not as informative. If equations are also necessary, they too 
add to the value of an article, but having actual data available is most important. 
The time required to construct a high quality article and the time required to reach 
publication are often two independent problems. A brief report may result as a 
compromise. There are occasions, however, when an in-depth article will require a 
substantial rewrite through the review process. Time or desire not permitting such 
activity, the article is resubmitted and published in a less-critical journal. The 
quality of such a publication is greatly diminished. Also consider that some progress 
reports on laboratory reports may undergo varying degrees of review. The data users 
need to be aware of such processes, so as to properly assess value of work of the data 
generators. 

Data Needs 

In order to efficiently resolve a project's objectives, the investigators should build 
on existing information. New data generation should add to the available information 
and be consistent with the quality required for the project's end use. A decision as 
to making new measurements and/or using existing data must be made intelligently. If 
no relevant data exists, it may not be clear as to why such a study has not been done 
(no interest, too difficult, etc.). On the other hand, if relevant data does exist, it 
may not be easy for the investigator to judge its value for the project of interest. 
How many scientists do you know who have their own favorite data sources? At the same 
time do you think that they are aware of the currentness of this data source, let alone 
the effect of its uncertainty on their project? The data generators often do not make 
sufficient use of the available data. Nor do they make use of other scientists who may 
well be very familiar with the existing data and its problems. 

There are three types of data which may be needed: 

1. data for which no similar data exists 

2. duplicating a data source for verification, preferably using a different 
technique 

3. multiple data sources exist, a definitive study is needed to reduce 
significantly the uncertainty of current data. 

In effect these three types deal with reducing uncertainties, with (1) referring to an 
establishment of verified data and (3) being a fine tuning of the data. This latter 
type study (when necessary) is more difficult to justify financially as it involves 
fixing the "so-called 3rd decimal place or the like" and is not easily appreciated by 
those in control of the purse-strings. The difficulty lies in making the researcher 
aware of actual data needs and how these related to the project of interest. A 
scientific advertising campaign is needed. Perhaps a compilation of data needs, 
complete with probable experimental difficulties, is needed. 

Vapor Pressure of Boron 

There are over twenty reported studies which relate to the heat of formation and vapor 
pressure of boron. These studies involve the sublimation of boron and the 
decomposition of boron carbide. Four of these articles will be used to illustrate the 
generating and reporting of numerical and factual data. Each article will not be 
discussed in detail; only certain aspects pertinent to this talk will be discussed. 
These studies are: 

1. "Mass Spectrometric Study of the Vaporization of the Titanium-Boron System," 
P. 0. Schissel and 0. C. Trulson, J. Phys. Chem. 66, 1492-6 (1962); manuscript 
received March 16, 1962. 

2. "Mass Spectrometric Determination of the Heat of Sublimation of Boron and of 
the Dissociation Energy of B2 ," G. Verhaegen and J. Drowart, J. Chem. Phys. 
37, 1367-8 (1962); manuscript received April 30, 1962. 

3. "The Sublimation of Boron," R. W. Mar and R. G. Bedford, High Temp. Sci. 8, 
365-76 (1976);  manuscript received September 1, 1976. 

4. "Phase Relationships and Thermodynamic Properties of Transition Metal Borides. 
1. The Molybdenum-Boron System and Elemental Boron," E. Storms and B. Mueller, 
J. Phys. Chem. 81, 318-24 (1977); manuscript received June 18, 1976, revised 
manuscript received November 30, 1976. 

As background information, the CODATA Task Group on Key Values for Thermodynamics 
critically reviewed all the data on the heat of formation of gaseous boron which was 
available for the mid-1970's. They recommended values for the heat of formation and 
its uncertainty of gaseous boron, AfH°(B, g, 298.15 K) = 560±12 kJ mol"^. Since the 
uncertainty was thought to be too large, additional investigations were desirable. The 
latter two articles mentioned above had not been published at the time of the CODATA 
review. Mar and Bedford do not recommend a value but report values of AfH°(B, g, 
298.15 K) = 563.6±33.4 and 561.1±3.3 kJ mol"^ from torsion effusion data and AfH°(B, g, 
298.15 K) = 566.1±14.3 kJ mol~^ from Langmuir data.   Storms and Mueller reported 
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ifH°(B, g, 298.15 K) = 574.9±0.8 kj mol-^ from Knudsen effusion data. It is 
disconcerting that the value reported by Storms and Mueller, rather than confirming the 
CODATA recommended value, lies outside the range of the CODATA recommended 
uncertainty. 

■' 1.  Schissel and Trulson 

Schissel and Trulson, with financial support from the Advanced Research Projects 
Agency, studied the vaporization of the titanium-boron system. At the time of this 
study, the use of boron compounds in high energy fuels had created a need for 
thermochemical and thermodynamic data for such compounds and their combustion products, 
including those products caused by the reaction with materials of construction. The 
work by Schissel and Trulson at Onion Carbide Corporation was part of this effort. 

These authors, citing only four previous sublimation studies, stated that there was 
agreement in the reported heat of sublimation values. Thus, it is not clear as to the 
rationale for studying the sublimation of boron. Four sets of experiments were 
conducted. For each set a heat of sublimation was derived at an "average mid-range" 
temperature. The auxiliary data, used to convert the measured data to a heat of 
sublimation value at zero kelvin, was stated. The authors stated that these results 
are in excellent agreement with existing data and thus proceeded to use existing data 
rather than data from this study. In a four page article, the entire boron sublimation 
study is relegated to a short paragraph. 

The sublimation of boron was obviously not the prime motive for this study. The 
authors directed their publication effort to providing information on the vaporization 
in the titanium-boron system. The boron information provided is useful but much of its 
value is lost because of the minimal information provided. The number of data points 
in the four sets of experiments is unknown. More importantly, the data points are not 
available in this publication. Even with the information provided, two major questions 
remain: what experiment was actually performed and what Is the definition of an 
"average mid-range" temperature. 

Two final comments need to be made concerning this publication. First, the abstract 
contains no information as to the inclusion in this work of a study of the sublimation 
of boron. Second, there are available from the laboratory of Schissel and Trulson many 
government progress reports which include experimental data for the sublimation of 
boron. Is there a relationship between this data and that alluded to in the article in 
the Journal of Physical Chemistry? The published article is easily accessible but the 
government progress reports are not. 

2.  Verhaegen and Drowart 

The work by Verhaegen and Drowart, performed with the financial support of the U.S. Air 
Force, was published as a Communication in the Letters to the Editor section of the 
Journal of Chemical Physics. As with the work of Schissel and Trulson it was part of 
the early propulsion effort directed at understanding boron chemistry. This work was 
performed at the Free University of Brussels in Belgium. Verhaegen and Drowart, in 
studying the boron-carbon system, needed a reliable value for the heat of sublimation 
of boron for subsequent thermodynamic computations. Concluding that eight previously 
reported values were discordant, the authors decided another determination was 
necessary. Recall that the Schissel and Trulson study referred to only four previously 
reported values, stated that the values were in agreement and yet submitted their 
article for publication within two months of the study by Verhaegen and Drowart. 

The emphasis in this published study is the heat of sublimation of boron. The values 
resulting from this mass spectrometric study were tabulated in comparison with results 
from other studies. In other words, there was a table of heat sublimation values at 
zero kelvin. The actual experimental data, converted to vapor pressure, was presented 
only in a small graph, log p versus 1/T. The auxiliary data used to derive the heat of 
sublimation values were stated. Corrections to the values reported by Verhaegen and 
Drowart can be made as improved auxiliary data becomes available. 

With the main emphasis of this work being directed towards the knowledge of the heat of 
sublimation of boron, the vapor pressure values were of secondary importance and were 
not tabulated. The vapor pressure values could be obtained by digitizing the graphical 
information. The graph, as published, was 5.5 x 8.0 cm. By the way, one would not 
normally expect secondary information in a Letters to the Editor section of a journal. 

After publication of this article. Professor Drowart generously made available the 
experimental data to the JANAF staff. As a result a thorough analysis of the data and 
the detailed comparison with other studies was now possible. Not only could a graph of 
all vapor pressure data be constructed for visual assessment of the agreement (or lack 
thereof) of many studies, but also a detailed statistical assessment of the data and 
Its reduction to a heat of sublimation could be made. 

In summary the data of prime importance for the JANAF staff is the actual vapor 
pressure measurements. This information was not of prime importance in the article 
published by Verhaegen and Drowart and thus was relegated to a small graph. The value 
of work was enhanced greatly by the authors' willingness to make the experimental data 
publically available. Keep in mind that the primary interest for Verhaegen and Drowart 
was the mass spectrometric investigation of the boron-carbon system which was published 
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in detail in the Journal of Chemical Physics, but not in the Letters to the Editor 
section. In this boron-carbon system publication, there is only reference to the boron 
heat of sublimation value. The heat of sublimation for boron was important to this 
study but was not the prime goal. These authors chose to report this work separately 
and briefly. A similar situation existed in the study of Schissel and Trulson, but 
these authors relegated the boron sublimation to a small portion of the article.    ^ 

3. Mar and Bedford 

The boron sublimation study of Mar (Sandia Laboratories) and Bedford (Lawrence 
Livermore Laboratory) is intended to be a definitive study. The source of funding for 
this study is not specified within the publication. The authors stated that a 
reinvestigation of the vaporization behavior of boron was undertaken because of the 
large uncertainty associated with the value of the heat of sublimation. Vapor 
pressures were determined by torsion effusion and mass spectrometric techniques. In 
addition, the authors were concerned with establishing the evaporation coefficient of 
boron. 

The awareness of previous studies and the possible rationales for the cause of the 
discrepancies is an important aspect of this study. Mar and Bedford not only summarize 
the results of the previous studies but also direct their experimentation to resolve 
the presumed causes for the discrepancies. Without belaboring the issue, this article 
provides essentially all the information needed by the JANAF staff. At this time it is 
immaterial to discuss the quality of this study. The point is that sufficient 
information is provided to evaluate the quality of this study and the effect of its 
results on the previous studies. Also, the results appear to support the 
recommendedations of the CODATA Task Group. 

4. Storms and Mueller 

Storms and Mueller, at the Los Alamos Laboratory of the University of California, 
studied the molybdenum-boron system as part of a program to evaluate the possible 
usefulness of molybdenum borides in thermionic energy conversion and 
magnetohydrodynamic generators. The thermodynamic understanding of this binary system 
requires knowledge of the heat of sublimation of boron. Storms and Mueller felt that 
the large uncertainty in this value made a new study necessary. They referred to the 
CODATA Task Group review of the boron data as well as the same previous studies quoted 
by Mar and Bedford. 

The main emphasis is in the binary system although the authors devote much effort to 
the sublimation of boron itself. Such activity is reflected in the title of the 
article and in the abstract. Unfortunately 136 data points are summarized by thirteen 
heat of sublimation values. A data dispository or the like was not used. However, the 
authors were well aware of the previous studies and their problems. The present study 
not only uses improved procedures but also offers a rationale to explain the 
discrepancies (different from those suggested by Mar and Bedford). 

It is interesting to note that the studies by Schissel and Trulson, Verhaegen and 
Drowart, and Storms and Mueller had as their primary interest a binary system. They 
all had need for the heat of sublimation of boron. Although they all actually 
published minimal results, the amount of information transferred and the relative 
importance in the publication varied significantly. In all cases, however, regardless 
of type and nature of the laboratory and funding, the minimal information is a result 
of the secondary nature of the boron sublimation to the overall project. 

Heat Capacity of Boron 

As a second example to illustrate the generating and reporting of numerical and factual 
data, the heat capacity and enthalpy studies of B-rhombohedral boron are interesting. 
Of the twenty-two studies, only the three more recent low temperature studies will be 
discussed. Suffice it to say that similar problems exist with the high temperature 
enthalpy studies.  The three studies to be discussed are: 

1. "Low Temperature Heat Capacities of Inorganic Solids. V. The Heat Capacity of 
Pure Elementary Boron in Both Amorphous and Crystalline Conditions Between 13 
and 305 K. Some Free Energies of Formation," H. L. Johnston, H. N. Hersh, and 
E. C. Kerr, J. Amer. Chem. Soc. 73, 1112-1117 (1951); Chem. Abstr. 45, 6036a. 

2. "Temperature Dependence of the Specific Heat of g-rhombohedral Boron," V. I. 
Bogdanov, Yu. Kh. Vekilov, G. V. Tsagareishvili, and I. M. Zhgenti, Fizika 
Tverdogo Tela 12, 3333-3336 (1970), Chem. Abstr. 74, 5758. 

3. "Low Temperature Heat Capacities of Open-Structured Crystals," N. Bilir, 
Dissertation, Department of Materials Science and Engineering, Stanford 
University, 1974; Chem. Abstr. 82, 117008t; Diss. Abstr. Int. B 35(6), 2963- 
4 (1974). 

The JANAF staff is interested in critically evaluating all heat capacity and enthalpy 
studies for g-rhombohedral boron. Sufficient information is hopefully provided in each 
published study so that the quality and extent of the data can be assessed not only 
within each study but also in combination with other related studies.  These three 
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The actual measured heat capacity values are not given, either in tabular or graphical 
form. For the JANAF staff to obtain the heat capacity values, the graph of 9^ vs. T 
must be digitized and the heat capacity values back-calculated. The heat capacity is 
proportional to (T/6Q)3. The error introduced by this process must be recognized in 
contrast to the experimental error.  The published graph is 5.5 x 3.5 cm. 

Following the same four items as discussed for the published study by Johnston, et al., 
numerous additional comments can be made. The type of calorimeter used and the 
probable errors are discussed. The performance of this calorimeter on other materials 
is not given. The auxiliary datum, i.e. the relative atomic mass of boron, is given 
and is different from that used by Johnston, et al. The two data sets cannot be 
compared directly. The data of Johnston, et al. must be converted using the proper 
(i.e., more recent) auxiliary data. The reported data did not support the results of 
Johnston, et al. in that a maximum in the heat capacity at 25 K was not observed. 
Bogdanov, et al. attributed the maximum in the heat capacity to impurities in the 
sample used by Johnston, et al. Sample preparation and the resulting purity is 
discussed but is still not definitive. The authors, however, state that this study 
reports the first measurements of the heat capacity of the B-rhombohedral modification 
of boron. 

3.  Bilir 

In a third study by Biler in 1974 at Stanford University, again the heat capacities at 
very low temperatures, 2-20 K, were measured. The emphasis was on the properties of 
open-structured crystals with boron being one of many materials studied. This 
dissertation contained the following information: 

specific calorimeter used and construction thereof, 
origin of sample, stated to be B-rhombohedral boron, 
purity determination for metals, 
graph of C/T vs. T^. 
graph of C/T^ vs. T^. 

Although this dissertation and a corresponding talk were easily accessible (at least in 
the United States), the heat capacity values can be derived only from back-calculation 
of digitized results from the graphs. Many of the same comments made on the Bogdanov, 
et al. study apply here also. These comments will not be repeated. Two additional 
remarks are necessary. Telephone calls and letters resulted in a futile attempt to 
obtain the experimental data. Biler stated that his values mesh with those of 
Johnston, et al., and no reference is made to the values of Bogdanov, et al. 

The data provided by these three studies permit the JANAF staff to generate a reliable 
thermochemical table for boron. However, the data is not of sufficiently high quality 
to require a highly sophisticated linear regression analysis. A fairly low level 
treatment involving graphical and mathematical techniques will be sufficient. 

In retrospect, the absence of the tabulation of the experimental heat capacity data in 
two of these three, studies is frustrating. Nevertheless the availability of the data 
in all three cases would not significantly reduce the uncertainty in the thermochemical 
description of boron. More importantly, the characterization of the sample in all 
studies is a serious ' limitation. In three studies mentionfed here all were easily 
accessible but only one transferred all the data actually available in a easily 
reuseable form. Again the quantity of data transferred appears to be related to the 
main emphasis of project rather than the type and nature of the laboratory. 

Conclusions 

The value of any data generating study is dependent not only on the capability of the 
investigators but also their awareness of any relevant studies. The proposed study 
should build on existing information, being fully aware of its strengths and 
weaknesses. New work should attempt to dispel as many of the potential/real problems 
of the previous studies as possible and truly add to the value of the existing data. A 
detailed explanation of the procedures followed permit subsequent investigators to 
ensure the correctness and thoroughness of the study. A presentation of the results in 
the form of tabulated raw data and graphical comparisons with relevant earlier studies 
increase the value and the extent of re-using published work. Subsequent use of 
equations or the like is dependent on current and perhaps future needs. The extensive 
re-use of the results, especially in interdisciplinary uses, will be dependent on the 
awareness by the author of possible other uses, the completeness of the study, and the 
information transferred. 

The generators of data should be concerned that the quality, quantity, and extent of 
the data needed or generated is consistent with the objectives of their project. The 
actual data produced (quality and quantity) may be tempered by the availability of 
existing data. As far as quality is concerned, the generators should be fully aware of 
the effect of data uncertainties in their project. For example, if the design of a 
heat exchanger is unchanged by thermal conductivity data of ±10%, then the generators 
need not spend extra time and money to measure thermal conductivity to ±1%. However, 
if higher precision data is readily obtainable with little or no extra effort, then the 
generators have a choice to make, but would hopefully go with the higher quality data. 
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The availability of data and the thoroughness of the study is dependent on many items. 
In today's activity, the project objectives and financial bounds impose greater 
restrictions than the type and nature of laboratory. All funding organizations want 
high quality results in their prime objectives of the project for their increasingly 
tighter money supplies. In addition, the emphasis in government funding is placed on 
publishing the data in a reviewed journal as proof of the quality. 

All work done is dependent on the scope of the overall project. Certain aspects may be 
reduced in priority as to the quality, quantity, and extent of data produced in order 
to fit into the financial requirements of project. Support data (information of 
secondary importance) is often not given sufficient effort in order to "save" money. 
The acquiring of secondary data of sufficient accuracy/precision commensurate with 
previous goals is not always recognized. 

Given that certain data exist, how much is transferred to the reader. The mode of 
publication and the degree of information transferred again depend on the relative 
importance of this information in the overall project and the financial constraints. 
The journals impose further restrictions as to the amount and form of information to be 
included. However, the authors and sponsors could do much to ensure transferral of all 
information by a different journal selection, by use of data depositories, and by 
pressuring journal editors as to the need of publishing all pertinent information. 

The contention in this lecture is that the nature and type of laboratory dictates 
project activity. The data generating aspects are then restricted by the objectives 
and finances of the project to the extent that a priority is assigned to each data 
generating activity. This priority governs the quality, quantity, and extent of all 
data generated. This priority should be directly related to the effect of the 
uncertainty of such data to the overall project. 

You, as a data user, may see limitations in this data due to (1) the interdisciplinary 
use of the data (a different end use), (2) lack of interplay between users and 
generators, (3) lack of awareness of the requirements of data quality and data end use, 
and (4) lack of awareness of related studies. 
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Extraction and Compilation 
of Numerical and Factual Data 

J.H. Westbrook 
Materials Information Services 

General Electric Research and Development Center 
Schenectady, NY  12305  USA 

I   Extraction and compilation of data embrace the processes of achieving 
awareness of the existence of data, gaining access to the data, extraction 
of data from its source, knowledge organization and the compilation procedures 
preliminary to the critical evaluation of data.  Each of these processes in 
turn subsumes a number of Individual steps.  In reviewing the subject, cog- 
nizance is taken of the individual needs and viewpoints of both generators 
and users of data.  Changing norms of practices, work-habits and technology 
are also having significant impact on extraction and compilation procedures. 

INTRODUCTION 

The importance of the extraction and compilation of data to the progress of science 
and technology can hardly be overestimated.  Such compilations realize several different 
objectives:  convenience of access, formats structured for particular application, and con- 
densation and homogenization of voluminous and heterogeneous observations.  Once in hand, 
data compilations convey still other benefits:  perception of unsuspected patterns, detec- 
tion of errors and gaps in the data, and a basis for the testing of theories.  It is there- 
fore not surprising that the collection of astronomical data by Ptolemy remained a key 
reference for a millennium, that the first organized pharmacopoeia was still judged worthy 
of printing for the first time 1400 years after Dioscorides wrote it and that the systematic 
arrangement of the elements by their atomic weights by Mendeleev over 100 years ago con- 
tinues to yield fresh insights in chemistry, metallurgy and physics. 

In many fields, for example:  motor vehicle registrations, stock market transactions, 
or census data, building of files of numeric data is quite straightforward compared to the 
case of technical data.  The data need not be extracted from some other context, they are 
already reasonably homogeneous as a result of their method of acquisition, and they are 
likely already compiled in some structured fashion.  Today they may even be digitized if 
derived from a word processor, photo-typesetter or analogous electronic device.  In con- 
trast, data in the technical field are usually buried in the primary literature, contract 
reports or other sources.  Their diverse origins and the lack of extensive standardization 
of reporting contribute to a heterogeneity that impedes ready comparison.  Such difficulties 
and idiosyncracies could be, and largely were, tolerated a generation or so ago; when the 
volume of data generated was but a tiny fraction of that now amassed each year; when tech- 
nical data in any field were of concern to but a few hundred scientists and engineers rather 
than critical to a broad geographic, disciplinary, and application dispersion of all human 
endeavors; and when computers had, as yet, made no demands on data homogeneity and 
structuring. 

Today we cannot afford a casual and laissez faire attitude to what has become a cen- 
tral issue in technical, economic, and political progress.  The choice of subject for this 
lecture series amply attests to this view as does the initiation of various cooperative, 
trans-disciplinary activities in the field of data compilation and evaluation.  Among the 
most notable of these we can list the establishment of the Tables Annuele de Constantes 
et Donn^es Numeriques in 1910, the Landolt-Bornstein Tabellen in 1883, the International 
Critical Tables project by the International Union of Pure and Applied Chemistry in 1919, 
the formation of the Committee on Data for Science and Te':hnology (CODATA) by the Inter- 
national Council of Scientific Unions in 1966, and the Committee on Engineering Informa- 
tion of the World Federation of Engineering Organizations in 1969. 

It is significant that all of these are cooperative, trans-disciplinary activities. 
This circumstance reflects the recognition that the interests of both generators and 
users of data are involved.  Such cooperation is essential, not only to share the enor- 
mous amount of work to be done, but perhaps more importantly to effect the necessary 
standardization of data reporting and analysis, to establish priorities for data extraction 
and compilation, and to allow for feedback from data users as to the adequacies of all 
steps in the process.  The influence of computerized techniques for collecting, indexing, 
analyzing, and disseminating data permeates everywhere - easing many mechanistic problems 
but raising new ones of format standardization, system compatability, etc. 

In the present paper we shall treat the extraction and compilation of data as em- 
bracing the processes of achieving awareness of the existence of data, gaining access 
to data, extraction of data from its source, knowledge organization and the compilation 
procedures preliminary to the critical evaluation of data.  As will be seen, each of 
these processes in turn subsumes a number of individual steps. 
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AWARENESS OF THE EXISTENCE OF DATA 

Abstract Files 

Before one can extract, compile or evaluate data one must first become aware of their 
existence.  This problem has been exacerbated by the exponential growth in the volume of 
technical information generated as illustrated by the famous plot of Price(1) reproduced 
in Fig. 1.  The advent of on-line searching of computerized bibliographic abstract files 
[a 1979 estimate was '^-4 x 10° searches per year(2)] has ameliorated but not solved the 
problem.  Price judges that this technique contributes no more than a factor of 10 improve- 
ment in locating relevant information whereas a factor of 300 is needed. 
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While the on-line bibliographic 
services do include some databases out- 
side the regular journal literature (e.g., 
the National Technical Information Serv- 
ice abstracts of technical reports, 
'\-70,000 items per year) a large fraction 
of potentially useful data remains un- 
indexed and hence unknown to the majority 
of potential users.  Private files , for 
example, are enormous, are still growing 
and proliferating.  The DuPont Co. has 
a file of detailed information on about 
100,000 substances of interest to it(3) 
and Union Carbide lists 130 properties 
of 1000 compounds.(4)  General Electric 
maintains a materials information system 
with about 10,000 pages of properties 
information on materials used in its 
production activities.(5) 

Reviews 

Review articles complement the ab- 
stract services in attempting to cope 
with the problem of maintaining aware- 
ness of accumulating knowledge and in- 
formation.  It has been estimated that 
review articles constitute 3-4% of the 
total literature and each review typi- 
cally cites 70 or more references.(6) 
Reviews come into existence by a variety 
of mechanisms.  Authors are sometimes 
commissioned by their employers or some 
contracting agency to prepare a critical 
review of work in a designated field. 
Other times they will do so at their own 
volition as a result of a need to digest 
and structure the information as an ad- 
junct to their own technical work. 
Finally they may be encouraged to do so 
by some editor, aware of their compe- 
tence and possible interest.  While all 

these review activities are a positive benefit, taken together they are still fragmentary 
and uncoordinated.  Certain topics are reviewed every two or three years in one medium or 
another, while other topics can go for decades without a comprehensive critical review. 
Despite these shortcomings a great impetus to technical review activity has come about 
through the advent of regular review serials in a variety of fields.  The complementarity 
and similarity of growth of this medium to the abstract collections is shown in Fig. 2 
which plots the data on review serials listed by Chen(7) superposed on the data from Price 
in Fig. 1.  Even though this listing is incomplete, the parallelism to the growth of jour- 
nals and abstract collections is inescapable.  Another lack is the absence of a comprehen- 
sive index to review articles although some indices exist to reviews in a limited field, 
e.g., organic chemistry.(8)  Some of the standard abstract series, e.g. Chemical Abstracts, 
now provide a coded indication to characterize review articles, and ISI began in 1974 pub- 
lication of an Index to Scientific Reviews.  Variable definition as to what constitutes a 
review article, lack of distinction between critical and descriptive reviews and failure 
to achieve true comprehensiveness limit the value of these efforts. 

Data Indexing 

Even if abstracts and reviews gave adequate entree to the general literature in a 
field, this would not suffice as a guide to the whereabouts of useful data.  What is 
needed is a guide or index to data themselves.  Data indexing may be either coincident 
(simultaneous with original publication or abstract) or retrospective.  Coincident data 
indexing is held to begin in 1967 with a Canadian recommendation to index geological and 
other resource data on a national basis.(9)  Subsequent efforts in this field, largely 
by Lerner of A.I.P., have led to the concepts of "data flags" and "data tags."(10)  A 
data flag is an indicator of the presence of numerical data in an article or abstract. 
A data tag is a more descriptive indexing which characterizes in some depth the data 
reported.  Murdock(H) has reviewed the subsequent efforts by IUPAC, NSF, CODATA, and INIS 
(IAEA) to encourage data indexing of all kinds.  The recommendations of CODATA are 

Fig. 1. Number of journals founded (not sur- 
viving) as a function of date [after 
Price(1)]. 
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Fig.   2.     Number  of journals  founded   (not  sur- 
viving) as  a  function of  date.     The 
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contained in their Bulletins #12 and 
#19.(12)(13)  As a minimum, a data sum- 
mary should include a narrative state- 
ment that qualifies the data appearing 
in the original article, the major vari- 
ables, the mode of presentation of the 
data (single points, tabulated values, 
graphics or parametric summarization) , 
the characteristics of the data (measured, 
predicted, interpolated or extrapolated, 
etc.) and the degree of reliability. 
Major factors impeding further progress 
in this area are the costs of adding the 
additional depth and facets of indexing 
to present abstracts and the absence of 
significant standardization in this field. 

Retrospective data indexing gives 
the seeker of data a very large assist 
by the compilation and publication of 
directories of data sources for science 
and technology.  Data sources in this 
context refer not to the primary liter- 
ature but to publications, information 
centers or on-line files which offer 
compilations of data taken from various 
primary publications, collected, homo- 
genized as to units, description etc., 
arranged in a uniform format and (pos- 
sibly) subjected to a degree of evalua- 
tion.  Bell Laboratories(14) produced a 
K-JIC index to the Annotated List of Data 
Compilations in the library of the Office 
of Standard Reference Data of the National- 
Bureau of Standards.  Wood(15) similarly 
has analyzed by subject field two edi- 
tions of the directory of databases and 
computer products published by NTIS. 
Regional approaches to data guides in- 
clude "Data Activities in Britain"(16) 
and "Guide to European Sources of Tech- 
nical Information."(17)  A guide to 

sources of geophysical and solar data has been published periodically by the International 
Council of Scientific Unions' Panel on World Data Centers (WDC's).(18)  This covers the 
WDC s themselves, data handooks. data catalogs and instruction manuals for the presenta- 
tion and exchange of data. 

ernational 
ded to 

A tirst attempt at a comprehensive international directory was CODATA's "Int 
Compendium of Numerical Data Projects," published in 1969.(19)  Later it was deci 
broaden the scope of this activity, to make it more detailed and systematic and to provide 
tor more frequent updating.  In the new scheme, CODATA is now publishing the "CODATA 
Directory of Data Sources for Science and Technology" as a series of individual chapters 
each chapter constituting an entire issue of the CODATA Bulletin.  The chapters published 
to date are as follows:  —  

Bulletin #24 June 1977 
35 Dec  1979 
36 Jan 1980 
38 Sept 1980 
42 June 1981 
43 July 1981 
48 June 1982 
49 July 1982 

Crystallography 
Hydrology 
Astronomy 
Zoology 
Seismology 
Chemical Kinetics 
Nuclear and Elementary Particle Physics 
Atomic and Molecular Spectroscopy 

A related project sponsored by UNESCO and CODATA resulted in another book "Inventory o 
Data Sources m Science and Technology - A Preliminary Survey"(20), which'contained the 
chapters: 

f 
se 

General data sources for science and technology 
Renewable energy resources 
Fertilizers 
Hydrological sciences and water resources 
Nutrition 
Pesticides 
Soil Science 

Quite separately, for one of the Annual Reviews series, Westbrook and Desai(21) produced 
an article,  Data Sources for Materials Scientists and Engineers]' which had much the same 
objectives and organization as the CODATA publications previously cited. 

Another type of guide to data is being developed by a CODATA Task Group headed by 
Schoenberg.(22)  The motivation of this task group is to identify gaps in the data on 
industrial organic chemicals by compiling an index to their property listings in stand- 
ard reference works.  For the purpose of this project industrial organic cSlmicalfare 
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taken to comprise those produced in the U.S. at over 100,000 Ibs/yr or selling for less 
than $l/lb, well-known hazardous or toxic chemicals, "fine chemicals," and a few selected 
others.  Pure hydrocarbons (containing only H and C) are excluded on the basis that data 
sources for these are relatively well known.  It is estimated that industrial organics 
so defined  comprise about 4000 individuals.  The tabulations being compiled show for each 
compound the chemical name, the structural formula, the Chemical Abstracts Registry No., 
the Chemical Abstracts name, and synonjnns.  For each compound the volume and page listing 
for about 30 chemical and physical properties in each of approximately 40 standard ref- 
erence works are provided.  Upon completion, data searchers will have available a very 
convenient directory to individual numeric data.  Perhaps more importantly, gaps will be 
highlighted where significant data on industrially important organics have not been com- 
piled (although perhaps measured and available somewhere in the primary literature). 

Data indices discussed to this point, whether coincident or retrospective, have been 
primarily in print.  There has, understandably, been pressure to move toward the avail- 
ability of data indices on line.  We cite here a few examples of on-line data indices. 
In 1982 CRC Press offered for the first time on-line access to the merged subject indices 
of over 1000 professional level reference books in science and engineering from several 
prominent publishers via a new product they call "Superindex."  The American Society for 
Metals and SDC, Inc. have collaborated to produce Metals Datafile, the numeric equivalent 
to the Metadex bibliographic abstract file on metals and alloys. This nevT service is in part 
retrospective (covering leading handbooks, reference works and data collections in the 
metals field) and in part coincident (adding specific data to currently produced abstracts). 
The on-line aspect and the expanded search capabilities are attractive, but Hetals Datafile has 
not yet achieved a broad and enthusiastic response from the materials community because 
of its use of unevaluated data, the arbitrariness of the selection of data for inclusion, 
and the incompleteness of its coverage.  Improvements can undoubtedly be expected in the 
future.  Hampel et al(23) and Merrill and Austin(24) have described an on-line master 
index of more than 4000 databases (both bibliographic and numeric) and models in the energy 
and environmentally-related fields.  Another on-line directory to energy, environmental and 
socioeconomic databases and software programs is operated at Oak Ridge National Labora- 
tory. (25)  The U.S. Geological Survey has implemented an on-line system including the 
Water Data Sources Directory and the Master Water Data Index.(26)  The National Oceanic 
and Atmospheric Administration operates the Environmental Data Index, a composite of sev- 
eral referral databases to 6000 individual environmental numeric databases.(27)  Oak Ridge 
National Laboratory also has, both in print and on-line, a "National Inventory of Bio- 
logical Monitoring Programs.(28) 

Data Journals and Depositories 

Other aids to readers to facilitate the awareness of data are data journals and data 
depositories.  An outstanding example in the first category is the J of Physical and Chem- 
ical Reference Data, initiated in 1972 and published quarterly by the American Chemical 
Society and the American Institute of Physics for the National Bureau of Standards.  This 
journal is not intended for the publication of primary research nor for review articles 
of a descriptive or primarily theoretical nature.  Rather, it aims to provide collections 
of critically evaluated physical and chemical property data, fully documented as to the 
original sources and the criteria used for evaluation.  Critical reviews of measurement 
techniques whose aim is to assess the accuracy of available data in a given area are also 
included.  A topical analysis of the 215 articles published to date in this journal appears 
in Table 1.  Although the categorizations are arbitrary and admittedly somewhat overlapping, 
a heavy concentration on thermodynamics and atomic and molecular data is nonetheless evi- 
dent.  Macroscale properties and behaviors of complex systems seem to have been slighted. 

Table 1 

Topical Coverage in J. Phys. Chem. Reference Data 

No. of articles 
Thermodynamic Data 59 
Molecules in Space 21 
Atomic Energy Levels 20 
Chemical Data Relevant to Air Pollution 11 
Viscosity and Thermal Conductivity of Fluids 11 
Molecular Vibration Frequencies 10 
Atomic Spectra lO 
Molten Salts 8 
Properties of VJater 8 
Molecular Spectra 7 
Electrical Properties 7 
Liquid-Liquid and Liquid-Vapor Equilibrium 6 
Diffusion 5 
Atomic Transition Probabilities 5 
High Pressure Data 4 
Thermal Properties 4 
Reaction Kinetics 4 
Refractive Index 3 
Atomic Form Factors and Scattering Cross-Section 3 
Elastic Properties of Alloys 3 
Miscellaneous Physics Data 10 
Miscellaneous Chemical Data 6 
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Other journals devoted primarily to the recording, analysis, manipulation and pro- 
jection of data as opposed to their interpretation and discussion include: 

J. Chemical Documentation (1961- 
J. Chemical and Engineering 

Data (1956- 
Calphad J. (1977- 
Physik Daten/Physics Data (1975- 
Phase Diagram Bulletin (1980- 
World Power Data (1949- 

Atomic Data and Nuclear Data Tables 
(1969- 

Organic Magnetic Resonance (1969- 
Int. Jnl. of Chemical Kinettics (1968- 
J. Chemical Thermodynamics (1959- 
Mass Spectrometry Bulletin (1966- 

Other continuing publication series partake of aspects of both the abstract journals 
and the data collections.  These reference works extract newly reported data from primary 
sources and republish it with just such descriptive information as is required for minimal 
interpretation.  The data are frequently brought to a standard format but are only rarely 
evaluated.  Sources of this kind include: 

Wohlbier, F.H. ed, "Mechanical Properties - Materials Reference Series 11: Trans 
Tech SA, Trans Tech House, CH-4711 Aedermannsdorf, Switzerland; Trans Tech Pub- 
lications, 411 Longbeach Parkway, Bay Village, OH 44140.  Issued in two 
or more volumes per year, beginning in 1975 (Vol. 1). Expanded to include 
corrosion properties in 1979 and since 1982 split into an applied and a 
fundamental series, "Key Engineering Materials" Al (1982) and Single 
Crystal Properties" Bl (1982). 

VJohlbier, F.H., ed. "Diffusion and Defect Data - Materials Reference Series 1," 
Trans Tech SA, Trans Tech House, CH-4711 Aedermannsdorf, Switzerland; Trans Tech 
Publications, 411 Longbeach Parkway Bay Village, OH 44140.  Issued in two voliomes 
per year, beginning in 1974 (Vol. 8).  Continues Diffusion Data which beean in 
1967. 

Stevens, J.G. and Stevens, 
New York, 1966 (annual). 

V. "Mossbauer Effect Data Index," IFI, Plenum, 

spec 

"Structure Reports" Utrecht:  Bonn, Scheltema, and Holkema 1913 (1928 annual). 

"Selected Data on Mixtures", International Data Series, 1975 

Data depositories are intended for archival storage of data, too extensive or of too 
ialized interest for inclusion in primary journals.  Among these are: 

American Chemical Society (Microfilm Depository Service), 1155 16th Street 
Washington, DC  20036. 

National Auxiliary Publications Service, American Society for Information Science 
c/o Microfiche Publications, 440 Park Ave. South, New York, NY  10016. 

American Institute of Physics (Physics Auxiliary Publication Service) 335 E45th 
Street, New York, NY  10017. 

National Research Council of Canada (Depository of Unpublished Data  C15T1) 
Ottawa, Canada KIA 052. 

Unfortunately these files are not usually well indexed and the only key to the existence 
of a particular data set frequently lies in a footnote provided in the original research 
publication. 

Information Analysis Centers 

A valuable aid that has arisen in recent years is the socalled information analysis 
or data analysis center.  These are physical locations with expert staff in some selected 
subject field or fields.  The field may be discipline or mission oriented or may focus on 
certain large scale phenomena.  These centers may be supported by some government agency 
(the National Bureau of Standards through its National Standard Reference Data Program 
manages about a dozen) or a trade association (e.g. the Copper Data Center at 
Battelle Memorial Institute.  ^Jhile these centers may perform some library-like functions 
of archiving and bibliographic referral, more importantly they make available to the in- 
quirer their expertise in a limited subject field to direct him to still other experts or 
to provide him with data which has been evaluated, manipulated or reformatted  Despite 
the obvious utility of information analysis centers and the small cost (a few tenths of 
a percent of the cost of original data generation), their managers and supporters have 
not generally been successful in quantifying these cost-benefit ratios.  As a result many 
centers have closed or operate at a much reduced level.  Others, apparently needed are 
never established.  Carroll and Maskewitz provide a definitive review(29) coverine'the 
period through 1980. 

On-line Data Files 

On-line or (more broadly) machine-readable data files are the newest medium for 
numeric data access and one that is burgeoning rapidly.  Several attempts have been made 
in recent years to catalog such files, the most notable being those by Williams(30) and 
Cuadra Associates.(31)  Williams restricts herself to only bibliographic databases.  While 
the Directory produced by Cuadra Associates includes numeric databases as well  the majority 
of these lie outside the scientific and technical field and deal with financial business 
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socioeconomic and similar fields.  VJanger and Landau(32) in reviewing the Cuadra Directory- 
found only 12 of 400 non-bibliographic databases referred exclusively to properties data 
in science and technology.  Luedke at al(33), Luedke(34), Fried(35) and Tomberg(36) have 
also reviewed recent progress in this field.  The problem of achieving awareness of the 
existence of specific data of interest when stored in this form is still unsolved.  Plans 
to build integrated systems of related databases have been described by Heller and Milne(37) 
and by Westbrook and Rumble(38).  Another approach is an on-line system with special "front- 
end" programs which would automatically direct the potential user to that database or data- 
bases which would best serve his particular need.(39)(40) 

Data Needs 

All of the efforts described above, while useful and generally praiseworthy, have 
still not solved the problem of "Is property x of substance y known, and if so where may 
it be located?"  Indeed more than one reputable scientist has asserted that today is it 
quicker and cheaper to go into the laboratory and remeasure the value in question than to 
attempt to find it in the literature or another source.  While, the past decade or so have 
seen the establishment of various data compilation and analysis projects, they are still 
too few to do a comprehensive job over all science and technology.   Data users therefore 
have an obligation to prioritize their needs and publicize these findings.  Examples of 
the latter are CODATA's publication on data needs in the energy field(41) and the American 
Chemical Society's study of the data needs of chemists.(42)  A more generalized expression 
of data needs is found in a 1978 National Academy of Science report.(43) 

GAINING ACCESS TO DATA 

Awareness of the existence of data of possible interest is only a first step, various 
barriers may still have to be overcome before direct access is obtained.  Among these are: 

language 
national borders 
copyright 
other proprietary considerations 
unpublished character 
military classification 
"need to know" 
transient availability 

Language 

The problem of language is a minimal one for several reasons.  An increasing propor- 
tion of the world's original literature is in English, for those journals not in English 
many cover-to-cover translation journals exist, and English language abstracts may give 
enough idea of the data content of an article to judge whether a custom translation is 
warranted, 

Transborder Data Flow 

The United States is at once both the world's leading importer of data and the dom- 
inant exporter of information as shown schematically in Fig. 3.(44)  This state of affairs 
has not been viewed with equanimity by many other nations who sense the possibilities of 
loss of independence and increased economic and social disadvantages.(45)  Various actions 
have therefore been taken or proposed by individual nations to restrict transborder data 
flow.  These actions can have both substantial economic effects (especially on the socalled 
transnational corporations), but also in the present context can inhibit access to scien- 
tific and technical data.  Remote sensing technology, another dimension of change in the 
information field, is seen by some as a blatant invasion of national sovereignty.  Re- 
cently, considerable apprehension has arisen in the U.S. about leaks to the Eastern bloc 
countries of data and technical information of military significance either via the open 
literature or commercially available services.  This concern has led both to a National 
Academy of Science study(46) and to the use by the Defense Technical Information Center 
of a warning statement from the International Traffic in Arms Regulations on all DTIC 
database products. 

UNITED 
STATES 

OTHER 
WORLD 

^ND MEDIA PRODUCTS ^^   X     UUUM 1 MIca 

Fig. 3.  Schematic of world-wide trans- 
border data flows.(44) 
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Copyright 

Attention is increasingly being given to copyright issues as regards the international 
accessibility and dissemination of numeric scientific data.  Both the implications for use 
and access to published works and the implications for computer-readable works (including 
on-line) are involved.  The whole topic is very much under study at the present time. 
Keplinger(47) reviewed the topic recently in ARIST, the CODATA Task Group on the Access- 
ibility and Dissemination of Data has issued a memorandum by Fivozinsky(48) and King Re- 
search has published a study(49) instigated by the International Federation of Library 
Associations and Institutions focussed on machine-readable bibliographic records.  It is 
concluded that the problem is as yet unresolved but that prompt, objective and foresighted 
actions must be taken or undesired restrictions on data access and exchange will result. 

Other Proprietary Considerations 

Much technical data lie in the hands of private corporations rather than with the 
government or universities.  While some part of such files undoubtedly is truly proprie- 
tary, being privately generated and held for possible business advantage and hence not 
accessible to those outside the host institution, a large fraction is simply data already 
culled from a variety of sources, evaluated and placed in an organized format.  No means 
exists for others to be aware of the existence of these files even when no proprietary 
element is present.  Companies are also reluctant to make their data files publicly 
accessible for other reasons. There are costs involved in standardizing and cleaning up 
data prior to release as well as in the provisions of access itself.  Finally, there is 
the intangible cost of possible liability associated with misuse or misinterpretation 
of the company's data by others. 

Unpublished Character 

Another factor preventing access to technical data is that, due to the pressure on 
space in journals, editors increasingly prevail upon authors to include only key or repre- 
sentative data.  It also appears paradoxically that, while more data than ever before is 
being collected in a given experiment because of the efficiencies of computerized data 
logging, a smaller fraction finds its way into the literature because of the limited capa- 
bility to interpret all observations and because of the aforementioned space constraints 
imposed by journal editors.  A related difficulty is that frequently only derived or in- 
terpreted data will be published and all raw data (which might be more properly assessable 
or analyzed differently later by others) remain unpublished and inaccessible. 

Military Classification 

Military classification is a barrier to data access that most reasonable people can 
appreciate and accept.  The problem as the writer sees it lies not so much with that body 
of data which at the moment has great military sensitivity but rather with the much larger 
body for which military classification is, or should be, no longer a barrier but which 
fails to be placed in an accessible place of record.  The reasons are not hard to find: 
at the time of declassification, the original generators of the data are then scattered 
or diverted to other activities and funds which might have supported open publication of 
the work are no longer available. 

Need To Know 

"Need to know" can constitute a de facto barrier to data access even when no legal or 
military barrier exists.  While in the social or business fields such rules or practices 
have their place, their application in the sphere of technology can only be seen as a prod- 
uct of excessive bureaucracy or of misguided attempts to reduce "nuisance" inquiries. 

Transient Availability 

Perhaps the most significant barrier is that designated as "transient availability" 
and created, ironically, by the power of new information gathering technologies.  For exT 
ample, a single satellite with its multi-channel sensors can generate as much as 2 x 10 
bits of data per day or again, literally miles of records are being accumulated annually 
from the world's exploratory drilling programs.  Unfortunately, despite the recent prodi- 
gious gains in memory size, data- compression, and storage cost reduction, there is no way 
all such data can be permanently archived and made accessible.  Periodically engineers 
and scientists in charge of such files must make agonizing decisions as to what data to 
keep and what to discard.  They do so, knowing full well that future needs, future inter- 
pretational abilities, or simply availability of time and space will likely later make 
that decision seem callous and irresponsible. 

EXTRACTION OF DATA FROM ITS SOURCE 

Data are recorded primarily on paper, to a lesser extent photographically and in- 
creasingly directly in some electronic or machine-readable form.  Beginning with the 
paper medium, the first step is acquisition of the dcctmient via conventional library 
sources, reprints from the author, the Original Article Tear Sheet Service (OATS) of- 
fered by the Institute of Scientific Information, or electronic ordering of documents via 
the regular on-line bibliographic services.  The enormous voltmie of modern literature, 
even in a narrowly defined field, has led to increased attention to automated methods of 
full text searching.(50)  The American Chemical Society (ACS) has just announced that 
beginning this year, in collaboration with Bibliographic Research Services (BRS), the 
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full text of 18 of its research journals will be available on-line for search, retrieval 
and print.  The file will initially contain 25,000 articles dating from 1980 to the pres- 
ent and will be updated every two weeks.  Today these full text techniques require that 
the text and included data be digitized.  Such a digitized record may already be available 
if the text at some point in the publication cycle has become the product of a word- 
processor or photo-typesetter.  If not, the material must first be re-keyboarded or pro- 
cessed with an Optical Character Reader (OCR). Font-independent OCR machines are now 
available v/hich are increasingly competitive economically.  Once in machine-readable 
(digitized) form the document may be subjected to full text search with any of a number 
of commercially available search programs which in general include full Boolean matching, 
proximity search, truncation, fractional list matching and similar capabilities. 

Problems, of course, with full-text searching are the large memory required and the 
relative slowness of search.  A partial solution to the latter is provided by a system 
with a parallel array architecture of socalled associated processors, a group of large 
scale integrated circuits which perform simultaneous information scanning and matching. 
This approach affords search speeds in excess of 2 x 10  characters per second, more than 
100 times the search speed of typical software sequential search technology.  Since indices, 
ke5rwords and directories are eliminated, substantial cost savings are realized and the 
shortcomings of imperfect intellectual assessment obviated.  Queries are fed to an array 
of processors which simultaneously and independently compare the query with the stored 
text by character string matching with a string pattern matching algorithm implemented 
in each processor.  One such commercially available system is General Electric's GESCAN2. 
Unfortunately, the associated processor technology has a major limitation with reference 
to searching of numeric data.  Searching is restricted to Boolean "and/or/not" matching, 
and relational searches comparing numerical values to pre-stated limits are not feasible 
without drastic loss of search speed. 

In many cases, for reasons of compact storage, electronic recording, machine searching, 
or convenient duplication of large volumes of data, the data are recorded and stored as 
magnetic tape or discs.  These may be duplicated for dissemination or transmitted by any 
electronic communication link.  Even though different codes, protocols or languages may 
have been used to create the magnetic record, these are usually now "translatable" with 
standard software packages. 

Much technical data is captured in image form:  photographically (e.g. astronomical 
photographs, medical radiology, or particle physics records) or graphically as a direct 
instrumental record of a parametric dependence of a quantity on time, voltage, spatial 
distribution, wavelength etc.  Additionally graphics are frequently employed in a sec- 
ondary treatment of data for visualization and comparison (e.g. phase diagrams or Pourbaix 
diagrams of electrochemical equilibria).  The collection and cataloging of such data is a 
major task and involves both considerable intellectual as well as hand labor.(51)  Develop- 
ment of techniques for searching this type of data storage is only just beginning.  Photo 
images may be indexed, stored and retrieved by qualitative descriptors using a carefully 
structured facet analysis in conjunction with a controlled vocabulary.(52)  Even when com- 
pleted, such collections have short-comings.  They are not readily updated and they require 
much specialist skill in their interpretation.  For these and other reasons much effort 
has been expended recently to convert such photographic or graphic records to computer 
graphic form so that they might be more readily stored, searched, updated and displayed. 
Murray and Orser in their discussion of computer graphics as applied to phase diagrams(53) 
emphasize that computer graphics is not synonjrmous with digitization.  Two distinct tasks 
must be performed:  a) composition of the graph - the "drafting," and b) generation of 
the graphical representation from the available data and, in this case, the application 
of thermodynamic (topological) rules.  Thus key feature of the graphs (lines, vertices, 
areas etc.) are not just implicit in a digitized image but through a relational database 
structure can be explicitly defined and manipulated by the computer in an efficient and 
natural way.  An example of the result of the NBS phase diagram computer graphics program 
is shown in Fig. 4.  The computer has not only "drafted" the graphics representation, it 
has also stored the original data shown and calculated the curves according to built-in 
algorithmic rules.  Thus with acquisition of new data, the graphic representation of the 
whole body of data is readily updated. 

Fig. 4.  Example of a computer drawn 
phase diagram wherein the 
computer has also been used 
to calculate the shape and 
position of lines representing 
the experimental data [the Au- 
Pt system after Singhal, S.P. 
Bull Alloy Phase Diagrams 2 
(1) (1981) 65; see also Murray 
and Orser (53)]. 
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The technology in the image storage field is still in a considerable state of 
flux.(54)  One of the most promising newer techniques is that of videodisc technology 
which has capability for both digital and image storage. (55)  Present video discs have 
a storage density lOOOX greater than magnetic media at a fraction of the cost.  Commercial 
products offer a storage of 2 x lO-'-O bits per side i.e., several 1000's of pages of infor- 
mation.  Unfortunately the most popular display unit, the CRT, falls short by about a 
factor of 4 in supplying the necessary resolution to read text.  Schipma and Becker(56) 
are exploring one way out of this dilemma. They divide the printed page of text into 4 
to 5 pieces depending on format and store each of these pieces on one frame.  The feas- 
ibility of a special device they have developed to fragment each page by computer algorithm 
has been demonstrated.  Toshiba and GE, among others, have been working on a more direct 
hardware solution:  the development of a CRT display capable of 2048 x 2048 pixels per 
frame, more than 15X the capability of the commercial TV screen. 

Another limitation of the video disc is the fact that at present it cannot be erased, 
i.e., it is a "write once" or "read only" device.   Shamir and Rivest(57) have proposed a 
novel but simple solution based on the very high information storage density of the video 
disc.  That is, they propose to sacrifice a portion of the total available space and spread 
these unused spaces throughout the disc.  Thus it is possible to enter updating informa- 
tion in the blank spaces without formally erasing the old obsolete data. 

KMOWLEDGE ORGANIZATION 

If a collection of numerical and factual data is to be more than a random compilation 
of numbers and words - in short, if it is to become an information system, these data must 
be subjected to some sort of intellectual structuring.  Broadly speaking there are three 
models for organizing information: 

the hierarchical model describing one-to-many relationships between entities 

the network model describing many-to-many relationships between entities 

the relational model which represents relations in the form of a two-dimensional 
table 

Combinations of all these are of course possible,  \fliich model to adopt in designing an 
information system depends on both the intrinsic character of the body of knowledge to 
be organized and in part on the use or uses to which it is to be put.  Dubois(58) has 
described numeric database design in other terms, namely the representation of the inter- 
relationship between patterns (i.e. chemical compounds or other entities) and their prop- 
erties.  He asserts that any effective representation must exhibit two characteristics: 

it must be generative:  the patterns and their properties must be retrievable 
from the database starting from the descriptors 

it must be generic:    the descriptors must give rise to an organization of 
the patterns and of their properties into the database 

A particular application of this concept to the field of chemistry is achieved by means 
of valued chromatic graphs wherein the graph represents the chemical topology and the 
chromatism the atoms and bonds. 

If the information system is computerized, still other features of any organizational 
scheme are forced by the computer system.  Technical information systems typically handle 
very large volumes of data but perform only a few and simple calculations on the data 
stored.  Since most of the data must be stored in backup (tapes, discs, drums, etc.) and 
only small portions brought to the main memory of the computer for processing at any one 
time, the effective speed of the machine is constrained by the required frequency of access 
to backup memory and the low rate of transfer from backup memory to main memory rather 
than by the computational speed of the CPU.  Thus, the objective in computerized file struc- 
ture design is to arrange the access paths such as to reduce number of "look-ups" and the 
amount of data that must be transferred for each task.  Once the logic of the organization 
of the data collection is fixed, following any of the principles outlined above, then it 
is possible to use the computer itself to derive an unambiguous sort key which can then 
be used to sort the access elements of the data file in such a way that the most closely 
related elements are stored nearest to each other.  Yang(59) has reviewed many of the 
methods used in computer file structuring including tree structures, hashing, division 
into sub-files, cluster trees, and arrangements for near-neighbor searching. 

It should perhaps be remarked that in all of the computer organizational schemes dis- 
cussed thus far, much of the nature of the file structure is inferrable by the user from 
the various menus, keyword lists and prompts which are presented to the user.  At a some- 
what higher level of sophistication in system design, the user directs a virtually free 
form, natural language question to the system which is then transformed, via automatic 
invocation of thesauri and syntactical analysis,to a form matching the hidden structure 
of the system.  We are just beginning to see the first embodiments of this type of infor- 
mation system in the numeric data field.  The ultimate, of course, will be the realization 
of socalled "expert" systems(60)(61) which not only admit very free forms of questions but 
will automatically prompt and interrogate the user so as to progressively narrow the range 
of questions and answers by inference and deduction.  In a sense such systems will be 
"self-learning" in that with use they will refine and elaborate their organization so that 
future answers will be delivered both more quickly and less ambiguously. 



4-10 

The previous discussion of data extraction dealt only with the mechanics of digiti- 
zation of information from whatever form it appeared in the original source.  Now we 
wish to consider the possible choices for storage of the information.  As an example 
suppose we are confronted with a set of data for the emf of a thermocouple as a function 
of temperature.  This might appear graphically as shown in Fig. 5.  Experience has also 
revealed that such data sets may frequently be represented by an expression such as 

e = A + BT + CT^ 

=  15 

5.  Simulated set of experimental 
data (thermal emf vs. temper- 
ature) to be computer stored 
for later retrieval and display. 

500 1000 

Temperature °C 

1500 

In considering what is to be stored in the computer the choices are: 

a) store a set of raw data points representing the results of an experimental 
study 

b) store pairs of values of e and T at regular intervals as read from a smoothed 
curve 

c) store values of A, B and C in the parametric expression (empirical or theo- 
retically based), the expression itself, and the algorithm for performing the 
calculation 

d) store coordinate values of an arbitrary number of points arbitrarily spaced alon§ 
a smooth curve representation chosen such as to reproduce the curve with desired 
precision 

Choice a) will be favored by the data analyst and researcher but will increasingly be im- 
practical for storage in the main memory as additional data sets accumulate for the same 
property of the same material.  Choices b), c) and d) will all permit graphic display of 
the data set with whatever degree of resolution is desired.  Choice b) may have some 
utility for direct retrieval of values at frequently needed intervals of the independent 
variable (say 100  steps of temperature in the example).   With choice b) and d) the cal- 
culational power of the computer may be invoked to interpolate values of the dependent 
variable at any chosen value of the independent variable.  The reliability of the inter- 
polation, however, obviously rests on whether a linear functional relation is assumed 
between points, some established parametric function as in c) or that implied by an ad hoc 
curve fitting procedure as in d).  Each option represents a different trade-off between 
data compression and retrieval speed.  The information system must be designed such that 
it is very clear to the user which choice of data storage has been made in each case. 

COMPILATION OF DATA 

Prior to the evaluation and application of numerical or factual data, the compila- 
tions resulting from the preceding processes outlined above must undergo certain other 
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manipulations.  We include here by way of example: 
smoothing of data. 

homogenization, data reduction, and 

Homogenization - Data as reported 
property of the same material, will in 
from different tests and under somewha 
such as temperature, pressure and the 
different calculational methods and di 
sets from different investigations are 
of values chosen for inclusion in a re 
numerous adjustments have to be made. 
Rossmassler,(62) Lide and Paul(63) and 

in the original literature, even for the same 
general be stated in different units; be measured 

t varying conditions of common independent variables 
like; and perhaps be derived from raw data using 
fferent fundamental constants.  If different data 
to be intercompared, a "best" or recommended set 

ference database, and reliability established. 
Such matters have been discussed by Lide and 
Ho and Touloukian.(64) 

Data Reduction - It may be determined that a different type of analysis of the raw 
data from that originally reported is desirable before entry to a reference database or, 
very commonly, that memory space conservation or ease of application of the results demand 
that only certain selected values be stored.  For example, in measurements of the mechan- 
ical phenomenon called "creep" in metals the experimenter measures deformation as a func- 
tion of time under load at constant temperature.  However, depending on the intended appli- 
cation of the data, the database manager may choose to store, not the full strain-time 
relationship, but only one or several of the following parameters: 

secondary creep rate 
strain for secondary creep 
time for secondary creep 
tertiary creep rate 
strain for tertiary creep 
time for tertiary creep 
strain at failure, etc. 

de^/dt 

t2 
di /dt 

^3 
^3 4 

All of these desired parameters are defined in terms of slopes, coordinates, and inflection 
points for various parts of the total strain-time curve, as shown schematically in Fig. 6. 

Smoothing of Data - Preliminary to detailed evaluation of data are such steps as the 
discard of outliers, regression analysis and statistical analysis.  These matters are dis- 
cussed in detail in standard texts and monographs on applied statistics.  A brief summary 
and useful reference list have been provided by James.(65)  Especially to be noted are the 
numerous computer programs that have been designed specifically for data analysis, smoothing 
and interpolation.(66-70) 

Time I 

Fig. 6.  Simulated creep curve (elongation vs. time) for high temperature 
deformation of metal  under constant stress and temperature to 
illustrate distinction between raw and derived data. 
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Standardization - Problems in accomplishing the various tasks just outlined will be 
progressively eased by the increasing standardization of test methods, of reference mate- 
rials, of data reporting techniques and of machine-readable numeric records.  Test methods 
are standardized by international groups such as the International Standards Organization 
or the International Electrotechnical Commission and nationally, for example, by such 
organizations as the American National Standards Institute in the U.S. and the Deutsches 
Institut fiir Normung in the Federal Republic of Germany.  Standard reference materials 
and standard reference data are two other important developments in recent years.  Avail- 
ability of these artifactual and numerical standards facilitates calibration of test 
equipment, intercomparison of laboratory data, identification of materials and structures 
and analysis of other types of data.  These topics have been discussed by Westbrook(71) 
and by Berger and Tucker.(72)  A major difficulty in analyzing and using data from the 
original literature has been the generally inadequate and inconsistent reporting of test 
materials, test methods, measurement conditions, data reduction techniques, and error 
estimation.  This topic has been discussed in a general way by Rossmassler.(73)  Valuable 
contributions to alleviation of the problem have been made by ASTM(74) and by CODATA in a 
series of publications.(75) 

A final aspect of standardization pertinent to numeric data lies in the field of 
communication.  Data exchange, amalgamation of files and inter-system connection have 
in the past been seriously impeded by incompatability of the formats and protocols used 
in digital recording of numeric data.  A proposal(76) now under study by the American 
National Standards Institute, derived from an ISO bibliographic standard, may overcome 
this difficulty.  Early test applications of this tentative standard have been re- 
ported(77)(78); Staiger and Wheeler(79) have suggested a standard for print publication 
of tabular displays of numeric data which should facilitate their adoption into machine- 
readable form. 

CONCLUSION 

The processes of extraction and compilation of numerical and factual data have ac- 
quired an unprecedented significance and. importance in modern society.  Two general obser- 
vations may be made with reference to this development.  The first is the pervasive and 
powerful influence of the computer.  While it eases many mechanistic problems, it also 
imposes on its users new strictures of logical development and formal structuring of 
information.  Secondly the enormity, complexity and urgencies of the job to be done are 
enforcing new modes and higher levels of cooperation:  between data generators and data 
users, between the public and the private sectors, between technical disciplines, and 
between the nations of the world. 
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SUMMARY 

Scientists and engineers strive to ensure that their work is based upon 
objective principles and that it is repeatable to close tolerances. The 
factual and numerical data resources which are available to them, however, do 
not always assist this Intention particularly where data are being used as a 
basis of decision in the engineering design process which is directed at the 
realisation of a practical product goal. Subjective influences, related to 
Imparted or acquired skills and experience, often apply in such cases. These 
have to be taken into account during the refinement processes, (evaluation 
and validation), which need to be undertaken during the construction of 
numerical and factual data bases. The practical consequences of inadequately 
refined data are reflected in unnecessary costs and uncompetitlve product 
performance. Careful management of data refinement is always needed and can 
be seen to be increasingly important as a greater proportion of data is 
stored electronically or becomes embedded in computer aided engineering and 
design systems. 

INTRODUCTION 

The world is involved in a technological revolution. It has been likened to that 
earlier revolution when the major industrial nations, as we know them today, became 
pre-occupied with the application of new energy sources together with new mechanical 
devices so as to transform the world's manufacturing and transport facilities. The 
more recent revolution relates to Information technology and many of us are pre- 
occupied with the application of electronic devices to transform the storage, 
retrieval, communication and application of the world's information resources. A great 
deal of the effort of 'information technology' is being applied to the quality and 
development of the hardware technology; far less is being applied to the quality and 
development of the information itself. Yet the outcome of the 'information technology 
revolution' will be sterile if our ability to store and manipulate increasingly vast 
quantities of information is not matched by our ability to certify the quality and 
relevance of the information so handled. Simply processing, or having easier access 
to, more and more information does not mean that one is better informed - it may merely 
offer such a bewildering range of alternatives that effective decision and action are 
stultified. 

Numerical and factual data bases, whether they are committed to printed paper or are 
embodied in an electronic system, constitute a particular class of information 
resource. They are of primary importance to Industry and defence because they provide 
an immediate basis for reasoning and decision making. They are different, for example, 
to blbillographic files which essentially provide direction to sources of specific 
information. These sources have to be retrieved and the contents read and absorbed 
before a basis for reasoning and decision can exist. The numerical or factual data 
base, by contrast, is often the last stop on the path towards making a decision. When 
it is consulted it should only reveal decision alternatives that are valid and for each 
should only provide relevant information that has substantiated value or is of known 
quality. This quality is established by the evaluation and validation processes 
applied during the construction of such a data base. We shall be looking at these 
processes in relation to a particular sub-set of numerical and factual data which is 
here described as "phenomenological data". An engineering application will generally 
be assumed although many of the principles examined will apply elsewhere. 

First of all some explanation of terms is needed in order to clarify the scope of our 
discuss ion. 

TERMINOLOGY 

The terms 'data' and 'Information' are increasingly used Interchangeably. It is still 
advisable to refer to data in the strict sense of factual Information used as a basis 
for reasoning or calculation. Engineering data thus will be taken to Include the 
numerical values, such as physical constants, theoretical and empirical coefficients. 
However, such numerical values are usually inseparable from the design or analytical 
algorithms with which they are used and which are part of the same resource of 
knowledge. 
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Take, for example, the simple subsonic drag equation, for a body of reference area S in 
a  fluid  stream of velocity V:- 

D = JpV^SC D 

The physical constant p (fluid density) has an existence quite apart from that in this 
formulation. The empirical coefficient Cp, by contrast, only has relevance in 
connection with this equation or some mathematical derivation which, in effect, infers 
the equation. The equation itself has to be modified in form as do the parameters it 
embraces when a different speed regime is encountered. Such constants, coefficients, 
and the equations themselves are of vital importance in the decision making process of 
design and all of them constitute  'data'  within the terms used in this paper. 

A physical constant, such as air density, will generally have an accepted method for 
its determination. That method will be well documented, be reproducible to within 
close tolerances and will be little influenced by subjective considerations. A 
parameter such as C^, however, may not be determined by well standardised methods. The 
apparatus used in its determination from a wind-tunnel test, for example, is not 
standardised, it will not replicate exactly the conditions of flight, all manner of 
corrections may be needed and the very circumstances of the test and its 
interpretation may depend heavily upon the experience and skill of those involved in 
running wind-tunnel experiments. In engineering data there is clearly much scope for 
subjective  influence. 

Data, using the term in the broad sense we are using it here, which are affected by 
expert knowledge and skill based upon experience and training, require special 
consideration in any process which is aimed at evaluating them and validating their use 
in engineering practice. Such data have been termed phenomenologlcal; the means of 
evaluating and validating them have some degree of subjective Influence. Whilst for 
most engineering data there is a theoretical basis to some level of refinement, this 
level is by no means uniform across all the data that are needed in the engineering 
design process. 

This is a suitable point at which to look briefly at the design process. The 
circumstances of the intended application of data are a factor to be taken into account 
in their evaluation and validation. 

APPLICATION OF DATA IN DESIGN PROCESSES 

It is a sound precept of modern business life to start from the viewpoint of the 
customer. The customer, or user, of the data bases we construct is engaged in the 
application of data to some purpose. Data bases provide the foundation of decision at 
some point in a design process. Alternatively they provide the foundation on which 
judgements of an existing design may be based either to forecast whether that design 
meets some predetermined criterion of performance or to explain why the design has 
failed in service to perform in the way expected. 

In making decisions the engineer has many things to take into account. The consumer 
for the product being designed defines a specification which lays down the required 
performance of the product. On this specification the manufacturer will superimpose 
cost targets, the company philosophy (somewhere in the spectrum which runs from high 
quality/high price tag to planned obsolescence) and the manufacturing/market time 
scale. Also upon this specification there are increasingly being overlaid legislative 
requirements concerning safety, environmental acceptability and energy saving. The 
designer must work within all these boundaries. 

In the real world the specification, in the broad sense in which I am using the term, 
inevitably changes during design and manufacture but we shall Ignore this in the 
interests of simplifying our study. Prom the basic specification there is no unique 
process of design to be followed. However, there are two broad classes of activity 
into which, or between which, most design activities fall and have been described in 
some detail in references 1 and 2. One of these activities I call "development design" 
and the other "critical design". 

In development design a more or less successful existing product is scaled up or 
tailored to new requirements on an almost empirical basis. This process draws heavily 
upon the engineer's mechanical sense and previous practical experience. The product 
preceding the one to be designed is its father and mother, laboratory and test house. 
The physical laws governing the performance of the new product are modelled in the 
product which it supersedes to a degree which is quite adequate if the customer does 
not call for nonlinearly scaled performance Increases (leading to over-development), if 
competitors do not start to offer novel features in their products, if materials costs 
do not fluctuate dramatically, if the same energy resources remain continuously 
available and if the scaling up of any environmental damage which the product can cause 
remains acceptable to  society. 
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In an attempt to remove some of the uncertainties of design purely by the developnent 
process, engineers have recourse to the quite different process of critical design. 
This Is illustrated In much simplified form in Pig. 1. The process draws on the 
engineer's mechanical sense and practical experience as well as on similar products of 
which the engineer is aware. It requires Intuitive and creative flair to produce, 
first of all, a more or less novel concept In response to the original specification. 
This concept will be set down first in schematic form. Then the engineer, or teams of 
engineers, will undertake an essentially intellectual exercise. In this the schematic 
Is analysed quantitatively against as many of the physical laws with which it is known 
the finished product must comply. Engineers aided by whatever computer power is 
available, simulate and test every aspect of performance which the product is to 
deliver, simulate and test the effect of the product on the environment and so forth. 
Having found where the original schematic is Inadequate, for example in terms of 
performance, materials usage, or cost, the schematic Is refined. Then the process of 
analysis is repeated until after perhaps many Iterations there is sufficient confidence 
for a prototype to be built and tested under more or less representative service 
conditions. 

There are other processes of design. Ad Initio design or true synthesis goes a stage 
beyond critical design by removing the need for intellectual intervention at all stages 
beyond the specification (or some part of the specification). The computer is now 
frequently employed to go around the same Iterative loops In critical design as those 
previously followed by human hand. But I do not regard this as true synthesis. Such 
processes are as yet rare though examples exist, such as those originally propounded by 
Mitchell, Cox & Hemp for structural design (3). Synthesis is also approached in the 
'inverse design' process for aerofoils (4); here the specification of an upper surface 
pressure distribution enables exchange rates between parameters Including drag rise 
Mach number, lift coefficient and aerofoil thickness to be forecast. Although 
developments such as these may one day transform the design process, for some time yet 
to come the Iterative loops in the critical design process will remain as an essential 
feature of the engineer's  work. 

..ZA. 
Final design 

FIGURE 1  CARTOON OF CRITICAL DESIGN PROCESS 

Returning to our 'cartoon' of the design process, illustrated In Pig. 1 we see that 
many types of information are embedded In it. When the process was, and in many cases 
f^^""""^ Yl. °^'"'^^®'^ o'^t mainly by human effort there were complex Interactions between 
these Information 'banks'. During the process of Iterating around the loops the data 
available would come before Intelligent Inspection and, albeit intuitively, the human 
operator would exercise some degree of judgement on the relevance and quality of the 
data in relation to the application. Inconsistencies would be noted, judgements on the 
degree of quality needed would be made In terms of the effect which, for example low 

be°"I^°aren? '"^^''^ ^^^"^   °" ^""^ Integrity of the design although these may not always 

Some years ago I was Involved with a group of engineers debating the process of 
estimation of aircraft drag.  At one point I was prompted to enquire what accuracy was 
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needed In the prediction of aircraft drag since the answer to that question would have 
an Important influence on the cost and time Involved in making design predictions. 
After a little discussion the designers in the group were agreed that an accuracy In 
the region of 1J% was needed; at that time, competitive aircraft were being marketed on 
the basis that a li% difference in performance could make all the difference in 
obtaining a contract or losing it. Among the group were also a number of wind-tunnel 
experts who immediately made the response that tests for many of the wind-tunnel data 
which would be used in drag prediction were not even repeatable to better than H%\ 

The exposure of inconsistencies of this type was more likely when the detail of the 
design process was more directly under human expert surveillance than can possibly 
happen at the present stage of development of computer aided engineering and design. 
We shall consider the consequences of computer design methods again later. Suffice for 
the present to note that the key tools in design are a sound knowledge of the physical 
laws affecting the performance of a product and of the numerical data which enable 
those laws to be applied. Clearly these tools must be 'sharp' when applied by human 
hand and they must be even 'sharper' before they are to be embedded in computer aided 
design systems. 

JUDGEMENTS APPLIED TO DATA AT THE TIME OF APPLICATION 

In the experience related above, concerning the discussion on drag estimation. It was 
clear that the designers should have been making Judgements on the quality of the data 
derived from wind-tunnel testing In relation to their application and its effect on the 
validity of the decisions they were making. To redress the balance in the designers' 
favour let us look briefly at the sort of judgement they are frequently more able to 
make and the  consequences. 

By way of example we consider the simple type of expression, frequently used in design 
work, to evaluate the elastic,  uniaxial buckling stress of a thin sheet panel. 

fb 
(l-02) (I)' 

In this the buckling stress, f-^, is related to buckling coefficient K, elastic modulus 
E, Polsson's ratio a and the geometrical values of plate thickness and width, t and b 
respectively. There are two items of materials data, E and o, each of which is derived 
by well established experimental methods. In the case of E, values should be provided 
in such publications as (5) and (6) to carefully prescribed statistical tolerances. 
Polsson's ratio, by contrast, is often available only to more crudely defined 
tolerances and at worst is often taken as 0.3 for aluminium alloys or 0.25 for steel! 
This is not as Inconsistent as may at first appear for, whilst a 10% variation in E 
would lead to a 10% error in the estimated buckling stress, a similar variation In a 
has but a 2% effect. Here the designer, and the data provider, could make Judgements 
on the quality of data needed which are compatible with the known physical laws on 
which the relationship Is based;  the Judgements are not subjective. 

By contrast the buckling coefficient K may well be affected by subjective Judgements 
particularly if it is based heavily upon experimental results. K is a function of many 
other parameters - it may almost become a depository for all other factors, known and 
unknown. In addition to plate aspect ratio the value of K is affected by edge 
restraint conditions, out-of-flatness of the plate and internal stress. This leaves 
plenty of scope for the application of Judgement and experience in cases which may not 
be open to theoretical evaluation or where practical details of plate manufacture and 
construction differ from the idealisations used in experimental or theoretical 
evaluations. 

Every one of the circumstances of the actual application of the data In design and 
analysis has its mirror image in the Judgements which have to be made when, for 
example, data such as buckling coefficients are being evaluated for Incorporation in a 
data base. Data which have been deposited in such a base require to have specified 
alongside them a statistical quality, a tolerance on accuracy or a limitation as to the 
circumstances under which they may be applied. Some of these limitations may be very 
straightforward. In the case of the example we have been considering above it is 
likely that a limitation to the elastic range of the material will need to be 
placarded; this would be a consequence of theoretical considerations. In the same 
example It would also be necessary to specify the range of types and configurations of 
edge support within which the data are likely to be reliable. Ihls would quite often 
be a consequence of more subjective Judgements based upon expert practical knowledge 
and experience. 

Here too is an Important consequence of the means by which such data are stored and 
communicated to the design engineer. Data banks in printed form, such as manuals and 
data sheets, offer considerable opportunity to elucidate the quality of data and to 
specify that quality In numerical terms and also in more subjective terms. The 
electronic forms of these data are currently limited to the representation of 
numerically specified limitations which are not affected by subjective Influence.  We 
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are only Just beginning to get to grips with the possibilities of "knowledge based 
systems", or "expert systems", and the opportunities they may offer to Incorporate Into 
our data bases Information which will reflect the subjective Influences which may have 
been applied during their evaluation. 

To Illustrate that we are here dealing with questions of considerable Importance to the 
health of our Industries, and to our ability to produce cost effective products for our 
consumption and defence, we now turn to some practical examples. 

COST AND OTHER CONSEQUENCES OP INADEQUATELY REFINED DATA 

The Industries of the free world are Increasingly competent and surprise most of us 
with their ability to provide Increasingly elaborate goods and weapons to fill the ever 
more sophisticated desires and needs of the society they serve. They do well enough, 
one might think, with the data resources already to hand even though the quality of 
those data may not be as high as many of us have reason to believe It ought to be. One 
of the reasons Is that there are substantial benefits to be gained by Increasing the 
quality of the data which are available and making their storage and retrieval ever 
more convenient and reliable. One of these benefits is in cost saving and I will 
illustrate this with an example I have used many times before but which makes the point 
most effectively. It also illustrates the variability of the quality of data in use 
even in our largest and best informed companies. 

Estimate by: 

Buckling 
strength 
in shear: 

Company A 
Company B 
Company C 
Company D 
Company E 

0-79 X 
107X 
1-63X 
0-94 X 
0-72 X 

Solid, simply 
supported 
plate theory 

X 

FIGURE 2  VARIABILITY OP DESIGN DATA IN USE 

Some years ago I undertook an exercise to compare the data In use by 5 different, quite 
large, companies relating to Just one common design problem. It is illustrated in Pig. 
2. The data actually being used by the 5 companies for estimating the buckling 
strength in shear of sheet metal components containing flanged lightening holes were 
collected. They were then applied in turn to a typical design of specified dimensions 
and material. The strength estimated by the 5 sets of data varied widely; there was a 
2 to 1 ratio between the greatest and least strength predicted. Yet, as far as was 
known, no premature failures had been recorded for any actual design based on any of 
these data; almost certainly some of the design teams using these data were 
overdesignlng. The type of component involved is very common in lightweight 
structures, including those of transport aeroplanes. To Illustrate some of the cost 
consequences of this variation an estimate was made of the differences, due to weight. 
In the revenue earning potential of two hypothetical medium-sized transport designs 
which were identical except that one would utilise the heaviest and the other the 
lightest components designed in accordance with the extremes of the data in use. For a 
fleet of 10 aircraft, the difference In revenue earning capability was found to be 
close to $100,000 per year in present day values. 

Such disparities in the quality of data used by different organisations are rarely 
revealed - at least publicly. There are circumstances which cause such disparities to 
come to light at least to a limited audience. Companies in the western world have, for 
sound economic or political reasons, found themselves in collaborative design and 
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production arrangements particularly In the military field. These arrangements are 
never easy to manage and they are not helped by finding that the basic design data in 
use by one partner differ significantly from those in use by others. Much time and 
expense, let alone goodwill, may have to be sacrificed before an agreed common data set 
can be established. Disparate data resources can also have Important commercial 
consequences. Large companies seeking tenders from sub-contractors may be led astray, 
or at least be put to much trouble, if the sub-contractors concerned are basing their 
offers on entirely different basic data from those which the principal assumes as 
valid; such a circumstance may not even come to light until the final commissioning of 
a  piece of plant or machinery. 

Data of inadequate quality may often mask an opportunity to employ less expensive 
production methods. For example, data relating to fatigue strength, surface finish and 
geometric stress concentration can be used to make decisions on quite minor geometrical 
changes in machine components which will permit turned finishes to be employed rather 
than more expensive ground finishes yet achieve a comparable fatigue life. Decisions 
such as these, however, can only be valid if the data used have been properly 
evaluated; small inaccuracies and misunderstanding of limitations could lead to 
erroneous  conclusions. 

In many engineering problems there is a domino effect which can multiply the potential 
of a component to cause catastrophe and loss out of all proportion to its superficial 
importance. Establishing uniformity of design quality and therefore of the quality of 
data used cannot be confined Just to the overall design. When trouble occurs it is 
frequently Initiated at a local 'hot spot' which Is too small to be detected by many of 
the analytical techniques. Similarly a train of events leading to catastrophic failure 
may be Initiated by a mechanical component which normally plays but a minor role. 
Large capital equipment such as aircraft and chemical plant are particularly vulnerable 
in this regard. Failures are not always catastrophic; more often they simply eat away 
at operating costs and company profits. For example, a case is known where a single- 
stream chemical plant suffered from a number of stoppages due to repeated failures In a 
shaft which was part of a pump in the auxiliary equipment. The loss of production due 
to shutdown while repairs were effected was valued at $240,000 per day. These losses 
continued from time to time and appear to have been accepted almost as inevitable until 
It was identified that a stress-concentration effect had been wrongly evaluated. 
Better quality data were brought to bear in a redesign and no further losses were 
experienced. 

Of course, the cost consequences of such failures can be astronomical and there are 
other consequences which the professional engineer cannot afford to ignore if he is to 
retain respect and Influence in society. Ernest Breton (7) references an attorney's 
estimate that 25% of the lawsuits brought against new products allege engineering 
negligence. He also recalls the testimony before the President's Commission 
investigating the Three Mile Island nuclear accident. Among other problems it was 
alleged that the facility was plagued by malfunctioning valves, and unreliable 
instruments. The engineer is particularly vulnerable, compared with other professions, 
in that the overall results of his work can generally be assessed by objective means 
and by repeatable experiment. In general terms attorneys, and society at large, may 
acknowledge that perfection is never possible in the practical world. But this is of 
little comfort to the engineer called upon to Justify the many imperfections which 
invariably come to light during the investigation of a failure even though those 
Imperfections have not contributed to the failure and, in some cases, may even have 
been guarded against in a fail-safe system. 

The only protection the engineer can obtain is that which he provides for himself. 
This was, perhaps, more easily done when every stage of the design was under his direct 
surveillance than it is today when so much may be hidden from him in a computerised 
system. The Increasing use of these systems places an added responsibility on 
engineering management to be fully aware of the principles on which their programs are 
based and, particularly, of the quality of the data which they draw upon. But it does 
go further than this; when data are embedded in a computerised system they need to be 
of more certain quality than would be the case if they were more readily available for 
routine Inspection. A given data value in computer memory may be accessed for use In a 
number of different applications. In some applications an error of substantial 
magnitude may have little effect but be quite serious in others. The only course open 
is to ensure that data of a quality appropriate to the most sensitive case conceivable 
are stored. The possibility open to the human operator to seek a high quality data 
value only when its quality is particularly critical may no longer be available. 

REASONS FOR VARIATIONS BETWEEN DATA SETS 

When a data base is being constructed we start with a vast collection of raw material. 
This raw material is frequently in the form of reports originating from basic research 
and from applied research which has been undertaken during the development of products. 
It may also originate from tests of the actual performance of finished products. These 
records are generally numerous and their content will include commentaries on how the 
data were derived. If they are experimentally derived the report will, in addition to 
providing numerical results, contain more or less extensive commentaries on such things 
as the design of the experiment, apparatus used, the test methods employed, the 
readings taken, corrections made to these readings together with ancillary readings of 
such things as ambient temperatures and pressures to support corrections and much else. 
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If the data are derived by theoretical prediction methods the position Is similar 
except that In this case assumptions will be stated, idealisations will be described in 
order to make the problem amenable to mathematical modelling and so forth. The 
resource of raw material from which a data bank may be constructed contains much else 
beyond the raw numerical values. 

At first sight collections of raw material like those described above may seem to 
consist of two parts, data of Interest in an engineering application and 'noise'. 
Indeed, it often seems to the engineer that the research worker, experimental or 
theoretical, is more concerned with scientific methods or mathematical principles than 
with the practical value of the results they provide. But any temptation simply to 
transfer data into a data bank and ignore the other Information provided has to be 
resisted. The fact is that there may be little consistency in the Information provided 
In support of experimental results between one researcher and another. This is 
particularly common In relation to corrections made, the detailed circumstances of the 
test and auxiliary Information recorded. For example, though there has since been much 
improvement. In the early days of fatigue testing it was not unknown for such 'details' 
as whether a fluctuating loading had been superimposed on a steady loading to escape 
mention or for the frequency of application of the fluctuating loading to be 
unrecorded. The first of these omissions invariably is serious and the omission of 
frequency may or may not be serious depending upon the material of the test specimen. 
This suggests other features leading to variations In raw data sets. As time 
progresses experimental techniques develop and new parameters are identified which can 
affect  the  results obtained. 

Particularly in relation to data which have been generated from research undertaken to 
support product development there is much scope for 'error' or, to put it at its best, 
inconsistency. The researcher may himself be unaware of these inconsistencies. They 
may never come to light unless there are collected together several raw data sets on 
nominally the same phenomenon which exhibit a cloud of points rather than the neat 
relationship which might have been expected or which a mathematical model of the 
phenomenon has been found to predict. This may lead the experimental man to conclude 
that the theory is wrong or the theoretician to conclude that the experiment is wrong. 
More often, I suspect, neither Is wrong. It is more likely a question of 
inconsistencies in the assumptions made, the idealisations employed and the corrections 
which have been applied. 

Within this vast untidy resource is the raw material from which we construct data 
banks; the raw data resource does not of Itself constitute a data bank upon which valid 
engineering decisions can be based. In its raw form It may present a picture only of 
conflict and confusion. Part of the methodology in resolving the situation consists 
first in recognising that this is the case and to assist our appreciation we may 
summarise those characteristics of the resource which require our special attention. 
Raw data are: - 

- Often vast In number 

- Widely scattered 

Lacking consistency, both in terms of quality and back-up information 

- Prone to error and bias 

- Variable In respect of time 

In respect of the last characteristic two points should be made at this stage. First 
of all I do not subscribe to the view that Information of greater than a certain age 
necessarily has little value. Engineering problems have a habit of returning In 
response to economic needs or even the whim of fashion. For example, for economic and 
other reasons propeller driven aircraft have started to come back into vogue in several 
missions. We found, in my own organisation, that before we could proceed to evaluate 
propeller data appropriate to modern configurations we had to start with data of some 
considerable antiquity and to make reference to experts some of whom were near 
retirement. It was a foundation which could not be Ignored though it was difficult to 
establish. 

The second point which has been made relates to the observation that experimental and 
theoretical techniques develop with time. This means that it is essential that data 
banks be subject to continuing review and updating as necessary. In this regard, I 
have for many years advised engineers to apply the following simple test from time' to 
time. Speculate that a particular numerical data value being used may have drifted by 
1% for each year since the time It was last evaluated or since the time the company 
data manual was last updated. If the effect of such a drift on the predicted 
performance of the product they are designing is of significance then It is advisable 
to have the data value reconfirmed. This is a simple rule-of-thumb but it is 
recommended by several different experiences of the extent to which even the most 
carefully constructed data sets may be overtaken by better knowledge. 
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MANAGEMENT OF EVALUATION AND VALIDATION - PERSONNEL 

Up to this point we have examined, amongst other things, the types of data with which 
we are concerned, the circumstances under which they are applied In Industry, the 
circumstances under which raw data are generated, some of the qualities of the raw data 
resource and those needed in its refinement. This excursion has been necessary 
because, before discussing how a task may be accomplished, we have needed to observe 
who will benefit from our efforts, what are their expectations and who else is 
involved. As with most management problems we find that we are eventually dealing with 
people and our first purpose Is to Identify who they are. In addition we need to keep 
in mind the cost of what we are doing and whether those costs will be supported by 
those who will benefit from the data bases we construct. 

We immediately face a dilemma. If the data base we construct is made of sufficient 
scope to provide data in response to any demand, even within a fairly limited 
discipline, It is unlikely to be economically viable. The price paid for the benefit 
of those data which are requested will also have to support the costs of producing and 
refining data which are never requested. At the other extreme if we limit the base 
only to those data within a field which we can identify as being in most common use we 
may sterotype the designer's work and Inhibit progress. My own organisation has had to 
steer a very careful course between these extremes and has from time to time been open 
to  criticism on both counts. 

In the absence of a sufficiently generous benefactor, I have found but one course open 
to provide a workable compromise. One group of people who must be Involved in the 
system is a representative group of eventual users and another is a representative 
group from acaderala. The user has to be involved in order to specify the sets of data, 
in a given field. In which he is currently Interested or for which he can perceive a 
need. These will be heavily biased towards data relating to his current problems. To 
balance this, the academic is introduced since he is able to flavour the scope 
addressed with a reasoned basis for including data relating to developments which are 
likely to have attractive futures. He is also very often able to warn against a search 
for knowledge which does not exist. 

Having decided the personnel needed to be Involved at the stage of setting the scope of 
the data base, and the review of that scope at appropriate Intervals, we now turn to 
the processes of evaluation and validation proper. In relation particularly to 
phenomenologlcal data we have noted, in a previous section, the importance of the 
circumstances of the application of data in regard to such things as the accuracy 
required. Here again, representative users of the data have an Important role to play. 
We have already noted the possible dependence of data upon subjective judgements which 
can only be made by those having appropriate skill and expertise. The extent to which 
the generators of data would themselves admit to the presence of subjective Influences 
upon their work, even within the terms of this discussion, may not be very great. They 
may, however, be more ready to evaluate the effect of these Influences on others! But 
in any case only the generators of raw data are in any real position to draw attention 
to those features which may not be accounted for by well recorded, repeatable means. 

Accordingly, the personnel involved must include representative groups, albeit quite 
small, of industrial users, academics, and data generators. It should be noted, of 
course, that individuals from any of these three backgrounds may in fact span more than 
one of them.   Many academics are themselves data generators for example. 

A group constituted as I have so far described It needs further elaboration. Data 
evaluation is a time consuming operation. Practising engineers, academics and raw data 
generators have neither the time nor often the inclination to be Involved in what they 
might see as the drudgery of data collection, evaluation and refinement which follows 
the stage when a well specified need for data has been drawn up. Beyond this, however, 
the environment in which these people work does not fit them ideally for this. 
Reference 8 examines this environment and changes taking place in more detail. 

In the part of the task where raw data are collected, analysed and distilled down to 
the best set for application to a specified need, we require special staff of flexible 
outlook. They need a good academic background in the discipline to which the data they 
are handling relate and preferably have a short working experience In either research 
or design. Special training beyond that obtained in their academic careers must be 
given for several purposes. First the techniques of managing the various Interests 
which will be at play during the data refinement process must be imparted; secondly the 
procedures of data refinement itself must be learned. 

Having Identified the need for a particular data set, the raw data appropriate to this 
set have to be identified and collected. Libraries, bibliographic retrieval services 
and all other means available to collect as much of the published raw data as possible 
are used by the specially trained staff. But beyond this, on most topics, there is a 
body of raw data which Is not published; it is not uncommon for this to be as much as 
50% of the total in existence. It can be released from the files of companies and 
individuals but only by sensitive management to obtain their co-operation and 
Interest. 
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Once the numerical data have been extracted they will usually be found to present a 
conflicting and confusing picture. Digging into the circumstances under which 
experimental data were derived, making a full technical assessment involving available 
theoretical treatments, or involving the development of new mathematical models, are 
just some of the time consuming and expensive processes which have to be undertaken if 
the preliminary work of data refinement is to be sound. It isn't Just a matter of 
putting a 'best fit' curve through a cloud of data points. Even when the raw data 
appear not to be in conflict the simplest processes of combining the data of several 
sources can lead to surprising results. 

The staffing and processes of data refinement need to be undertaken in an environment 
which is, as far as can be assured in today's world, truly impartial. This does not 
exclude, in my view, the environment of a commercial company, or of a research 
organisation or of academla if one can be assured that there is no possibility of a 
vested interest in a particular data set being present. Clearly it is most easy to 
satisfy that condition in a body which is not itself Involved in research or raw data 
generation. 

Throughout the initial process of drawing together a preliminary refined data set, the 
staff person will have access to the industrial users, academics and data generators in 
the group which he or she is serving. Many of the techniques which other papers in 
this series describe in some detail will be applied. Here we are concerned more with 
data the evaluation and validation of which are influenced, at least in part, by 
subjective influences and most particularly by the skill and experience of the group we 
have identified in the previous sections. 

We may now summarise the set-up we have created. The first objective we have so far 
identified is to define the scope of the data base we are to create within reasonable 
economic parameters. To achieve this we require the involvement of an expert group 
including representative users of the data and of generators of the raw data which are 
to be evaluated in the process of building up the data base. We also have seen the 
advantage of including academics. For the purpose of identifying, collecting and 
correlating the raw data we have identified the need for specially trained staff. In 
the modern application of this system, of course, their work of identifying and 
collecting raw data will be assisted by on-line bibliographic retrieval and the 
employment of information specialists. The special staff will mostly be engaged in the 
correlation of data and its evaluation by well-established objective principles and 
will draw upon the knowledge available to them amongst the Individuals in the expert 
group. Using this mechanism we can arrive, fairly surely, at what we will call a 
first-draft representation of a set of data in answer to a perceived need. How these 
personnel are to be organised to complete the evaluation of the data set, and validate 
its use in practice,  we shall next consider. 

MANAGEMENT OF EVALUATION AND VALIDATION - ORGANISATION AND METHODOLOGY 

Once the process of data refinement, against some well specified need, is under way and 
in the hands of trained staff it Is necessary to make arrangements for the validation 
of the refined data packages which are being produced. Having noted some of the 
pitfalls in data correlation we may well wonder if the data produced by even the most 
wary, qualified and independent person can be trusted. We must bear in mind the 
potentially high cost of failure in many of today's larger engineering enterprises, the 
increasing social pressures in connection with the avoidance of environmental and other 
accidents not to mention the increasing extent to which manufacturers and designers 
labour under the spectre of liability suits. Contemplation of this question very early 
in the life of my own organisation led to the conclusion that data distilled from the 
mass of sources must be monitored as they are produced and not issued for use until 
they have been validated. 

In 1977, when Dr Prank Press appeared before the Senate Committee on Commerce, Science 
and Transportation prior to his induction as Director of the Office of Science and 
Technology his reaction was sought to the suggestion "that there was no such thing as 
objective technical advice". In his answer he rightly observed that the best an 
individual such as himself could do would be to present the known biases along with hTs 
advice. That probably is the best that an honest individual can do - what I would 
suggest, and what my experience bears out, is that the power and reliability of 
individual expert judgement can be magnified many times when applied as part of a 
carefully managed consensus seeking group. The application of such a group is what has 
to take place in the process of validation. 

"Consensus seeking group" will immediately equate, in most minds, with the term 
"committee". This is in some ways unfortunate and, I must admit, such groups employed 
in my own organisation are referred to as committees or steering groups. Committees 
are used throughout the world for many purposes some of which only have a veneer of 
seeking true consensus of opinion. They often, for example, consist of variously 
qualified individuals, each representing an interest and determining issues by some 
system of majority voting. But such is not a true consensus group and the inherent 
potential unreliability of such groups was exposed in some detail long ago by Charles 
Dodgson (Lewis Carroll) (9). In our present case, it would not suffice to have issues 
on the validity of our data sets qualified by some majority voting procedure. 
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In the absence of a staff member of the group, who has a quite different part to play 
from that of the Individual expert, we would find the exposure of technical Issues and 
their rigorous examination Inhibited by personal relationships. For example, where one 
expert member of a technical group Is asked, (or more usually is persuaded to 
volunteer), to undertake a technical task and report back to a committee of his peers, 
psychological and social forces can operate so as to inhibit the subsequent rigorous 
discussion and Judgement of that task. On the one hand the other members of the 
committee may restrain their comments lest the resolution of an unsatisfactory task 
should be that it is transferred to them! On the other hand, more rigorous comment may 
imply serious criticism of the voluntary expert's professional status and integrity. 
In my experience of attempts of this sort the latter is the greater danger and a debate 
ensues in which the chosen expert's subsequent defence of his professional reputation 
detracts from the purposeful achievement of consensus on a technical issue. The most 
effective procedure is to have, as part of the structure, one member who is appointed 
to serve the group's technical requirements, who is sufficiently well qualified to 
appreciate the issues but who does not associate his or her professional status with an 
eminent position in the field with which the group is concerned. This, of course. Is 
the specially trained staff member whom we have previously included for quite different 
reasons. 

So the basic organisation in the management structure comprises a group, which for 
convenience I shall continue to call a 'committee' bearing in mind the observations 
made on this term in the foregoing paragraphs. With this committee there is closely 
associated a staff engineer. We have already described the duties of this staff 
engineer up to a point of preparing a 'first draft' data set. By what methods are 
evaluation and validation completed by the committee organism? 

Of the several tasks to which the group has to address Itself, being assured on such as 
the following questions are among the most Important: 

Has all reasonable care been taken to find relevant data; have all sources known to the 
wider group of experts been tapped? 

Are the correlation processes used sound; have any philosophical or mathematical traps 
been fallen into? 

Are the necessary limitations on ranges of applicability of the data and other cautions 
specified? 

Is the presentation which has been used clear and convenient remembering that 
application of data is made by engineers not,  in general,  by scientists? 

Each expert has to be prepared, individually, to support the contention that the 
refined data package represents the best data on the topic in question, at the present 
time and within the limitations  specified. 

A large proportion of the Issues which arise in such a committee can be resolved by 
objective methods. These methods can be specified by the expert component of the 
committee and the staff member discharged to carry them out as part of the preparation 
of a 'second draft' data set. Some Issues defeat strictly objective examination. 
Judgements upon the validity of data, and the specification of the limitations within 
which they may be applied, can often rest upon skill, experience and factors which are 
more subjective. Examples of such Issues include the extent to which parameters, not 
recorded for a set of test results, may have affected the data. Another may be the 
extent to which an Idealisation in a set of experiments or in a mathematical model may 
be acceptable as representative of the practical application. Another issue may be 
whether there are empirical corrections which can be devised; these may be based 
perhaps on little more than general experience of the effects of parameters which are 
not explicitly defined but which may reasonably be assumed. Yet another may be the 
extent to which an approximation representing a given regime of behaviour may safely, 
within a specified range of application, be extrapolated into an adjoining regime. A 
dramatic example of this last type is commonly employed and accepted in structural 
design. Most analysis is still conducted on the basis that metallic structures behave 
as though their components were elastic up to failure. Though It is known that this is 
not the case experience dictates that It is an acceptable basis for design; 
paradoxically it is the very fact that these materials are not elastic up to failure 
which permits yielding at stress 'hot spots' with subsequent favourable redistribution 
of load elsewhere! The expert also knows, in this case, that in particular 
applications the user of the data will be constrained to apply factors of safety which 
take accont of these effects - but great care and judgement are nonetheless required. 

On matters of judgement on phenomenological data, I believe the constitution and 
organisation of a management system along the lines described is essential. Its 
central feature is the achievement of consensus of opinion on the judgements which are 
made in relation to all matters of substance. In turn, the judgement of what Is 'a 
matter of substance'  may Itself be largely subjective. 

A SIMPLE MODEL OF THE PROCESS OP CONSENSUS 

I mentioned the amplification in power of the individual when applied as part of a 



5-11 

and expensive business - but well worth it aq T hon»\;^,T V"^ Z^ f often a long 
a simple model. ''°P^ "°" *° demonstrate with the aid of 

the RIGHT decision on, say/sM of occasions belL^WRONC on th °"f ^^P^^^ he might take 
of erroneous thlnkins lack of \yr,^^^l^nl ^''^"S ™ONG on the other occasions because 
another expert, equall'y iell quanSed and nrnno f^'*   ^"^ ^^Parately we now take 

?he IZ    ^^P^"^^ S^^^ ^he same RIGHT answer  (consensus)  6i) times 
The  two  experts  gave  the  same  WRONG answer  (consenqn.,   U    r^tJt 
One  Chose RIGHT and  the othi? WRONG  (no  consensuir 32 times 

ILZs'-rTelZ TlloinZeTs lTV\Ti:''' =°"^^"^'^^' ^^ °^^^^" '' «^«H- 

SLSlT%n^^"^con\\\^L^^5iLat?on' th°e VSTllfvT '"^ ^ ^^^^^^^ '-^^^^^^• 
score    Of    4    RIGHT    to    over    'ro'o"°RIGjT    ffr''eieJy" on^'wIoNG. '''°"'   '"^   Individuals 

I=3f-i51^1^u%KS r^^H— -^^-^-^ -? 

questions, which Is the number necessarv to epf^nn - ,^°"S ^' P°^^"S 100 
individual. Is this expansion in the time tllenLr-th\t'> T^^Ti ,r'"''' ^"^"^ ^" 
be in the affirmative. The group of 6 was RIGHT 4 nnn^i / ^^^"'^ ^,^^ ^"^^^^ "^^^ t° 
individual was RIGHT only TtiLs^oreaL time WRONG "'^T^rin'/t 
achieve a reliability Increased by a factor of innn n^^.^^n fu ^! ^°"S to 
circumstances of modern technological endeavour The t?!^ ^^i. ^^^ ""''^^ " ^" ^^^ 
Increased for tasks in which the rellabliltv^e'vPi^r i HH ^^ '''? ^° ^^^°^ consensus is 
than it is for other tasks ThL ilt^ H ^^^^^ ^^ individual participants is lower 
expert group's expeyence taS^^ucf 1 onl "'^ ^^^u '^'' '°"^"''" '^^ boundaries of an 
familiar^ sets. ^O^is is quite ^Dart fro^ H t^ °°"^^"S"s P^^ocess than do more 

correlating data prior to tr"v\li^^^/Tag:^h2^;ee\^^more°Tl^e-conL^li?^ suc2 

or?hrvrirtirVcLfo:>s '"air^b^^s^c^^^lro^^ls^dr-"' is that the renabnity 
one might expect, by the inclusion in the ..onn^r^ ^. disproportionately weakened, as 
low due to 'lnexper'lenc'e,'":xtr'em°e" bias''or''°whLfve'r"''\"at':n?Xh7" 'f'^''^'^^ ^^ 
recognise, though it is overwhelmingly the generaT exoerlenop " r f^ ^°^ l^ quickly 
any sort of committee. Is that the Inclusion of hnf^u f. anyone who has sat on 
the time taken to ^each declsfons^^to^^'an alarmLr'de^gree f'^'' '"^'"'^^ °^" ''''^' 

?n TTc^'uaf'gro"up''of'Lper%°s^"rs?it:t:r^^^ '"^ circumstances obtaining 
things it Ignores ?he influence which one member mavT^'^^ situation. Amongst other 
Here again is a pointer to the tvoe of P™I- ^^ ^^ °" *^^ Judgement of another, 
they should not too easily be influenced hv'^thl 1 ^ " .^' ^^^^^ ^° ^^^^ Involved for 
experience and skill to evaluate tbPi,H^ % J^'^Sements of others but use their own 
been based on thf case where there is IRITHT.' °' '""^K.^^r'' ^« "'°^^1 ^as also 
In reality whereas there may be one RIGHT anL.^t^' ^ ™°^^ ^"'^'^^ ^"^ "O"^ other, 
answers. In that case the risk of oon.en.L ^^''^ ^^^ ^'^^^^ ^ universe of WRONG 

the overall -liabl At?%f^1hr p^ceTs^^^s"" st ilf ^^ur^^ eX^el.^ ""=' ^°"^^ ^"^ 

whl^r^I '^:.e'llTtZ\'ael7:il^^^^^^ '^   -"-^-^1^ --aimg of features 
many years. We have examined with the Ldei °^,tf'^^«' l" committee situations, over 
process is efficient in rellabllltv terms Wh.; o? .>?"^''^l°" °^ whether the consensus 
evaluation and validation''o/'SnomenologTcal data^ °°''' "''=' "^^ ^"^°^^^^ ^" ^^- 

COMMENTS ON COSTS AND VAT.tTKS 

of the relative frequency of 

)f activity within my own J;s;ul:'r;"JLL^^=,\XT,1o»\\^'rX"rsf 0?'- '"^">"» *•-- - » 



5-12 

organisation. It Is worth observing that the mean cost is at about 3.8 on the scale of 
Fig. 3. To a large extent cost and time are interchangeable. The mean time taken to 
reach a 'first draft' quality by the staff man working alone would be at about 1 on the 
same scale. The mean elapsed time to completion of 3.8 times this value gives some 
indication of the very real input which the expert committees induce. It would not be 
correct to assume that the staff man would regard the quality of the data at the 'first 
draft' stage as satisfactory. Nonetheless, if he were working alone it is 'unlikely 
that he would consider his work but some quarter completed by the time he reached that 
stage. It is beyond our present scope to apply the model of the consensus process to 
these results though we may observe that the general features are consistent. The long 
tall of the distribution shown in Fig. 3 is generally influenced by the time taken to 
reach consensus on tasks which are novel or towards the boundaries of an expert group's 
experience. 

20% - 

Relative 
Frequency 

10% - 

Relative Cost 

FIGURE 3.  FREQUENCY OP OCCURRENCE OP DATA EVALUATION TASKS OF DIFFERENT COMPLEXITIES 

The histograjn of Pig. 3 is skew. Data evaluation and validation is not a production 
process which it is easy to schedule. Experience of the time taken in preparing one 
data set, of the type to which our present discussion relates, rarely reads over into 
other data sets. As with research. It is difficult to forecast the time which will be 
taken to reach a point where no-one has ever been before and where even the direction 
In which to go may not be particularly clear at the outset! The long tall of this 
distribution is understandably daunting and frustrating to those of us responsible for 
planning,  budgeting and marketing any numerical and factual data bank activity. 

Whilst it may be possible, as in my own organisation, to collect historical cost data 
and even to project costs over a reasonable agglomeration of data preparation tasks, it 
Is almost impossible to relate these to the value which the completed data set will 
have in application. In an earlier section of the paper it was possible to put 
monetary values on the costs of Inadequate data which led to a failure or demonstrable 
inefficiency of some kind. Evaluated data, hopefully, do not give rise to failures and 
direct value benefits cannot be demonstrated in as convincing a way. 

In general terms, data users will agree the broad features illustrated in Fig. 4 which 
suggests economic considerations which should not be overlooked. 
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FIGURE H.     COST AND FREQUENCY OF USE OF DATA SETS 

The two basic curves of "Cost" and "Frequency of Use" are compatible with the features 
of the histogram of Fig. 3 If one assumes that the tasks most frequently undertaken in 
my organisation are those relating to data most frequently used in engineering practice 
of the disciplines to which they relate.   This is a valid assumption. 

Fig. 3 shows that data sets of lowest relative cost are those most frequently applied 
in engineering practice. The most costly tasks generally correspond to data of higher 
complexity, that is, those which are of more specialist interest and therefore are 
least frequently applied, in relative terms. If the price which a user pays is 
equitably based on cost of production then the resultant value perceived in a data set 
is some function of the product of cost and frequency of use. The highest 'value' is 
therefore placed, in the general terms we are using, on data sets of some intermediate 
degree of complexity. This has several implications for anyone embarking on the 
construction of a data base whether it is undertaken for commercial reasons or whether 
the data base has to demonstrate its relevance to national need and Justify the 
expenditure of public money. 

Fig. 4 provides some suggestion of the trends which might be expected in the value 
placed on refined data with the growing expectation of data banks being accessed more 
frequently by the Computer Aided Engineering (CAE) phase of Computer Aided Design 
(CAD).  Further comments on the economics of data bases are to be found in Ref. 11. 

THE FUTURE 

Numerical data banks are being developed increasingly for the benefit of CAE. The 
computer offers the opportunity to try more variants quickly at the design stage and, 
in the terms of Fig. 4, the frequency of use curve will move bodily upwards. This 
moves the optimum on the resultant value curve to the right suggesting that greater 
value will be perceived in data sets of higher relative complexity. This assumes a 
static cost curve. It may be that, because of features noted in previous sections of 
this paper, a generally higher degree of refinement and reliability will be demanded in 
all data sets which are embedded in computerised systems; I would like to think so. In 
this case the cost curve moves bodily upwards also and the position of the optimum in 
value terms is restored to the left. What is more important is that, in both cases 
the resultant values are increased at all degrees of data set complexity. 

The new generations of computer systems offer the ability to apply so-called 
"artificial intelligence" in expert systems. These systems enable the manipulation and 
automated application of factual information much of which is not expressible in 
numerical terms. It is particularly in relation to factual information which is not 
expressible solely in numerical terms that the philosphles and methodology described in 
this lecture will have most particular relevance. Whereas much numerical data can, by 
its nature, be evaluated by objective means, non-numerical factual information is more 
likely to be susceptible to less tractable skill and experience judgements and 
considerable impetus for the development of methodologies to deal with these can be 
foreseen.  It will certainly be needed for I would not represent those discussed in 
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this lecture to be other than a starting point even though they have developed from 
origins going back at least ^0 years. Speaking at a conference in London a few months 
ago. Max Bramer, an authority on expert systems, is reported as claiming (10) that 
'experts are always wrong' and 'that it follows that all expert systems are wrong too'. 
Experts certainly make mistakes but. In relation to the type of application and the 
types of expertise which have been described in this paper, I hope it is clear that 
the subjective influences which they can bring to bear have a value which is 
irreplaceable and, through careful management, can be dramatically enhanced. 
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The Evaluation/Validation Process 

Data from Disciplines Resting on Good Theoretical Foundations 

Dr. Malcolm W. Chase 
The Dow Chemical Company 

Thermal Group, 1707 Building 
Midland, Michigan  48640  USA 

SUMMARY 

The concurrent use of experimental and theoretical techniques can be used to solve 
problems efficiently. To this end, however, the techniques must be used with a well- 
defined plan in mind. A literature survey is first required to reveal available 
information which relates to the problem. The meshing of this information and any 
other soon-to-be-released data is an important second step. The experiments and/or 
theoretical calculations must then be coordinated to reduce time and expense and to 
provide maximum data at minimum expense. From our experience in developing the JANAF 
Thermochemical Tables, examples will be given where calculations have been of 
sufficient accuracy to reduce the need for experimentation as in the thermodynamic 
properties of some chemical species. Comparisons and trends in data are also valuable 
to extend or replace data. Four thermodynamic studies will be used to illustrate the 
value of theoretical efforts. 

INTRODUCTION 

As in my previous talk, this presentation will discuss the experiences of a laboratory 
in its never-ending search for data and its use thereof. As mentioned earlier, in 
order to perform our activities efficiently, our experimental and 
theoretical efforts are designed to build on existing information. In addition, to be 
efficient in terms of time and money, an evaluation between experimental and 
theoretical efforts is made as to which approach or combination thereof is satisfactory 
for the current problem. The theoretical effort oftentimes is treated with disrespect; 
the feeling by some is that the only reliable result is an experimental result. This 
attitude may be more prevalent in the industrial environment than in the 
private/university laboratories. In some industrial applications, however, government 
regulations (at least in the United States) often preclude a reliable thorough 
theoretical effort. 

This presentation will discuss the two major contributions of theoretical endeavors in 
scientific projects. First, theoretical approaches are used to provide data; data 
which is presumably not currently available from experimental measurements. This 
approach is often treated by skepticism. Second, theoretical approaches are used to 
analyze the data and relate it to the final results of some specified project. This 
second approach also provides data (perhaps your final result) from disciplines resting 
on good theoretical foundations. To illustrate the usefulness of such efforts, a 
modification of a presentation by Joseph R. Downey, Jr., on the role of the data design 
laboratory will form the larger part of this discussion. 

The data design laboratory occupies a unique position in the chemical and allied 
industries. This laboratory shall be defined for our purposes as one which supplies 
data that forms the basis for process design calculations. In the chemical industry 
these process design calculations are normally made by process engineers using physical 
property data, miniplant/pilot plant experience, and a variety of calculational 
techniques- including sophisticated process simulation programs such as ASPEN PLUS' . 
The results of these calculations can be no more accurate than the physical 
property/phase equilibria data that was their basis, no matter how sophisticated the 
simulation procedure may become. The successful (safe, efficient and reliable) plant 
design requires an accurate physical property data base coupled with pilot plant 
experience and reliable process simulation calculations. The trend in the industry in 
recent years has been to reduce or eliminate the costly pilot plant and/or miniplant 
stages whenever practical in order to have production plants on stream faster and at 
lower overall cost. This places an even greater burden on the reliability of the 
physical property data and process simulation calculations. This presentation shall 
focus on the role of the data design laboratoy in providing reliable data for these 
purposes. The importance of accurate thermophysical property data for a number of 
industrial applications has been reviewed by Sengers and Klein (1^). 

Some of the types of data frequently required for process design purposes are listed in 
Table 1. This is not an all-inclusive list but is intended to represent the most 
commonly required types of data. The data design laboratory ideally should be equipped 
to supply these types of data under all required process conditions. In practice, 
experimental attainment of this goal Is impractical because of the very diverse 
conditions of temperature and pressure required for some specialized processes. The 
approach generally adopted by most companies is to set up one or more laboratories 
equipped to supply the types of data listed in Table 1 over conditions of temperature 
and pressure commonly encountered in that company's processes.  These conditions may 

'Copyright by Aspen Technology, Inc. 
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vary significantly from company to company due to the nature of the products produced. 
For example, a company specializing in cryogenic materials may have rather different 
process data requirements than a company which never deals with cryogenic materials. 

In order to achieve its maximum effectiveness the data design laboratory should be far 
more than simply a laboratory to perform experimental measurements. Instead it should 
encompass all of the following capabilities: 

1. literature awareness 

2. calculatlonal and estimational methods 

3. experimental methods 

4. critical evaluation 

When configured in this manner, the data design laboratory can work with the process 
engineers to determine (a) what data is already available in the literature that bears 
on the problem at hand, (b) what additional data can be estimated or calculated, (c) 
whether any or all of the above data is of sufficient reliability for the current use, 
and (d) what additional experimental or theoretical data is needed and how can It be 
obtained. Each of these capabilities will be discussed separately in the following 
sections but the real value of the data design laboratory Is the Interplay of these 
activities to solve the problem at hand. The combination of these capabilities in one 
laboratory results in a synerglsm which would not be present if they were scattered 
Into several laboratories. For any given problem, one of these capabilities may prove 
to be more important than the others but, in general, this will not be obvious until 
the problem is treated in detail. 

Also of Importance is the Impact of the data design laboratory on problems other than 
those relating to process engineering data needs. When configured in the manner 
described above with emphasis on the areas of thermodynamics/physical properties/phase 
equilibria of traditional interest for process engineering data needs, such a 
laboratory is also Ideally suited to a number of other data needs within the company. 
Most notable among these are the reactive chemicals area and the estimation or 
measurement of properties required for product specifications or for a variety of 
Research and Development or Technical Service and Development applications. 

LITERATURE AWARENESS 

This area Includes a knowledge of typical sources of data or bibliographies leading to 
data as well as a general feel for new or Improved theoretical or experimental 
techniques. One of the most important aspects is awareness of information sources. 
These sources are the key to the work which has already been done. The primary 
scientific literature is the main data source and must be searched thoroughly and 
completely for each specific piece of data of Interest. This search can be quite 
lengthy and costly if not done by a skilled searcher. Typically this takes less time 
and less money than the actual new measurement or calculation. In some cases the 
literature search may consume more time and effort than new measurements would have 
taken but this is unusual and typically occurs only if the focus of the search was very 
narrow; e.g. specific gravity of a single material at 25°C. Broader literature 
searches on multiple properties of a given material or one property for a variety of 
materials are very rewarding. The results of such searches form a data base which Is 
valuable input to the process of deciding whether to estimate or measure missing or 
suspect data. 

Searching of the scientific literature is appreciably eased by a number of secondary 
sources devoted to specialized areas. The disadvantages of these secondary sources are 
that it may be difficult to determine how thoroughly they cover the field of Interest, 
and they will normally lag or be out of date with respect to the primary literature. 
Nevertheless, they serve a very useful purpose and the thermophysical property area Is 
blessed with a number of them which greatly simplifies searching of the literature. 
These secondary sources range from bibliographies, to tabulations of all experimental 
data, to tabulated data with some correlation to commonly-used equations, to 
tabulations of selected values, to critically evaluated compilations. Each type has 
its own advantages and disadvantages which shall not be enumerated here. What is 
highly Important is that the researcher understand which type of source he is dealing 
with and not mistake one for the other. It could be a serious mistake, for example, to 
think one is dealing with critically evaluated data when the data was actually taken 
from the primary literature with no evaluation attempted. 

These secondary sources span the spectrum from the very broad range sources such as 
International Critical Tables, Bellsteln's Handbook of Organic Chemistry or Landolt- 
Bornstein to more specialized sources which cover narrow areas. Typical examples of 
specialized sources in the vapor pressure and phase equilibria areas are given as 
references 2-11 and 12-21, respectively. 

THEORETICAL METHODS 

In discussing theoretlcal/calculational efforts, it should be recognized that there are 
many activities which may fall under this category. This section will be of a general 
nature with a more detailed description later in the presentation. 
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The use of these methods are frequently necessary as an addition to or a replacement 
for experimental data. Even when good experimental data are available it is frequently 
necessary to represent the data by an equation for ease of interpolation, extrapola- 
tion, or as input to various process simulation programs. Frequently this is 
accomplished by fitting the data to an equation using a least-squares procedure to 
determine the values for the constants. Other methods include calculation of one 
property from another using known thermodynamic relationships, e.g. enthalpy from heat 
capacity or heat of vaporization from the slope of the vapor pressure curve. Another 
important area is the treatment of experimental binary vapor liquid equilibrium data to 
obtain the constants for one of the expressions representing excess Gibbs energy, e.g. 
UNIQUAC, NRTL, Wilson, etc. 

Methods for estimation of physical property data have been available for a long time 
and are continually being improved and expanded. An excellent summary and comparison 
of many of these methods is given by Held, Prausnitz and Sherwood (2^). Estimation 
methods are important in cases where it is difficult or impossible to experimentally 
measure the data of interest and also In cases where a data value Is needed quickly for 
a preliminary calculation with the intent of determining an experimental value to be 
used at a later date for a more refined calculation. Examples of types of properties 
which are frequently estimated as a result of difficulty in making accurate measure- 
ments are critical parameters and ideal gas heat capacities. 

Estimation methods are of various types including group contribution, corresponding 
states, and homologous series methods. One of the exciting advances in recent years 
has been the advent of group contribution methods such as UNIFAC (23) and ASOG (^) for 
the estimation of liquid phase activity coefficients. Although they must be used with 
care, these methods can achieve high accuracy and they make it possible to predict the 
vapor-liquid or liquid-liquid equilibria behavior of multicomponent systems from a 
knowledge of vapor pressure and molecular structure of the pure components. The UNIFAC 
method has also been applied to calculation of mixture flash points (25) and 
evaporation rates (26). 

EXPERIMENTAL METHODS 

The capability of making experimental measurements on systems of interest for process 
design is of critical importance for the data design laboratory. There is frequently 
no substitute for direct experimental measurements on the system in question. Of 
course, It is desirable to have methods readily available with the following 
attributes: widely applicable, rapid to use, accurate, wide capability in temperature 
and pressure. As mentioned in the introduction, it is wise to consider setting up 
apparatus capable of handling many different types of systems. However, there will 
always be the occasional system which will be inaccessible because of temperature or 
pressure limitations or corroslvlty or toxlclty of the chemicals involved. For these 
cases, one can build specialized apparatus or go to external laboratories which may 
have the required experimental capability available; or rely on theoretical methods. 

Some of the methods available in our laboratory are outlined in Table 2. The method of 
choice for vapor pressure is usually the twin ebulliometer in the pressure range 10-800 
mmHg due to its high accuracy. Other methods available in our laboratory include: 
vapor-liquid equilibria by an Isobarlc twin ebulliometric method using an Ellis still 
or by a semi-automated isothermal static method; cooling curve analysis for sample 
purity, freezing point, and phase diagram determinations; precision rotating bomb 
oxygen combustion calorlmetry for heat of combustion/formation determinations; high 
temperature-high pressure flammabillty measurements in a 36il steel vessel; reaction 
calorlmetry in a number of devices including one capable of operating at the high 
temperatures and pressures frequently encountered in process conditions. The key to 
the accuracy of many of these methods is the precise measurement of temperature using 
precision platinum resistance thermometry (27^) or quartz thermometers. In addition, 
for nearly all experimental capability, our laboratory has a corresponding theoretical 
capability. 

CRITICAL EVALUATION 

Critical evaluation is the process of determining the accuracy and reliability of the 
data and selecting the "best" values. This is essential whether the data was taken 
from the literature, was determined experimentally for the application of interest, or 
was estimated. This step is necessary to select the most reliable data from a data set 
which may contain values of widely varying reliability. Critical evaluation is also 
necessary even if only a single data set is available since its reliability must also 
be evaluated. Details of the evaluation process would not be appropriate here but 
major Items to be considered include sample purity, details for calibration of 
measurement apparatus, general accuracy of method used versus accuracy of other 
methods, internal consistency of data from each study, agreement with data by other 
investigators using different methods, and reputation of the investigator for making 
measurements of high accuracy. 

Two examples of critical evaluation activities based on the activities of our group 
will be briefly discussed. Each makes extensive use of theoretical concepts. The 
first of these is the JANAF Thermochemlcal Tables project (2^) which is an ongoing 
project and has been done by our group under government contract since its inception in 
1959. This project Involves a critical evaluation of literature thermodynamic data 
along with  the requisite  calculations  to produce a self-consistent  set of 
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thermochemical tables. Originally intended to serve as a data base for military rocket 
performance calculations, these tables now serve many other applications in process 
feasibility and analaysis in the chemical industry and in energy technologies. While 
the JANAF tables are primarily limited to inorganic species, our group has constructed 
a large number of organic thermochemical tables as required for internal company needs. 
Many of these organic tables were published by Stull, Westrum and Sinke (29). 

The second example is more directly tied to process engineering needs. This involves 
the establishment of critically evaluated pure compound physical property data bases. 
Several of these are available commercially for purchase or lease including those from 
Engineering Science Data Unit (ESDU), Thermodynamics Research Laboratory (Washington 
University), Thermodynamics Research Center (Texas A&M University), and the one under 
development by AIChE as part of the Design Institute for Physical Property Data 
(DIPPR). In addition, each company may have a proprietary data base which is based on 
a combination of literature and proprietary data. 

At Dow, a centralized proprietary computerized Physical Property Data Bank (PPDB) has 
existed for a number of years and now contains data for in excess of 900 pure 
compounds. The selection, correlation and entry of data is restricted to two groups of 
personnel with experience in those operations but access to retrieve the data is open 
to all employees. Retrieval is through a number of computer programs designed to serve 
different purposes. One program is for retrieving data in specified units over desired 
temperature or pressure ranges. Quality codes and temperature ranges are designed to 
provide the user some indication for the reliability of the data and whether it is 
derived from experiment or theory. The other programs which access the data base 
include programs for distillation column design, the Dow proprietary process simulation 
program (DOWSIM) and the ASPEN PLUS simulation program. All data are stored in PPDB as 
coefficients for temperature-dependent equations with emphasis on reduced property 
equation forms. Coefficients for an equation of state are stored for each compound so 
that real gas properties may be calculated at any desired temperature and pressure. 

TYPES OF THEORETICAL EFFORTS 

The data design laboratory can serve a unique role in the chemical industry in terms of 
its ability to supply high quality thermophysical data for a number of uses. Its value 
is greatest when there are no gaps in the data base. This can be assured by making 
good use of theoretical techniques as well as experimental information. All data 
stored in this data base has a quality code associated with it, regardless of the 
origin of the data. Thus an engineer, in easily accessing and using the data, only 
needs to ensure that the uncertainties of the data are acceptable within the confines 
of the current project. 

As mentioned earlier, theoretical efforts are often not viewed with the respect they 
deserve. Such activity is used more often than its prime detractors think. In general 
terms, such activity can be used to supply missing data, to analyze and critically 
evaluate single and multiple data sets, and to derive project results from the 
available data. These types of activity are often called by different names but in 
fact are all based on good theoretical foundations. [Of course, some foundations are 
firmer than others.] Four examples will help illustrate the extensive use and the 
extensive need for theoretical endeavors — the equation of state of o-dlchlorobenzene, 
the heat capacity of calcium, the analysis of the boron vapor pressure data, and the 
thermochemical table for gaseous diatomic boron. 

EQUATION OF STATE OF O-DICHLROBENZENE 

The physical properties of o-dichlorobenzene as a function of temperature and pressure 
are derived (in our data base) from an approximate equation of state. From this 
equation of state the normal thermodynamic relationships are used to derive 
temperature- and pressure-dependent properties such as heat capacity, vapor pressure, 
and others. The critical properties of o-dichlorobenzene are needed in mathematical 
description of the equation of state. For o-dichlorobenzene, these properties 
(critical temperature, critical pressure, and critical volume) have not been measured 
experimentally; they were estimated. Many estimation techniques were available; the 
best estimation technique for this type of compound was chosen. These estimated values 
are combined with other relevant data — vapor pressure, heat of vaporation, heat 
capacities, and more — to arrive at the best compromise of the available data — 
measured or calculated — which will describe properties of o-dichlorobenzene. Since 
the qualitative behavior of these properties is known as a function of temperature and 
pressure, the reasonableness of the results can then be verified. In this limited 
description, there have been five uses of theoretical efforts.  They are: 

1. determination of the form of an approximate equation of state 
2. estimation of critical properties 
3. derivation of thermodynamic properties from equation of state 
4. simultaneous (statistical) treatment of data — experimental and theoretical— 

to define coefficients in the equation of state and correlating equations 
5. verification of final results 

Many people would view only the first two items as a theoretical effort. However, all 
steps involve an interdisciplinary use of data and techniques. 
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HEAT CAPACITY OF CALCIUM 

The heat capacity of calcium Is in desperate need of current experimental study. The 
existing data, except for a study below 10 K, are all based on samples of questionable 
purity. A thermochemical table can be derived from these data, with heat capacity 
values in the region between the low temperature heat capacity and high temperature 
enthalpy measurement being estimated. However, the current best values for calcium use 
the experimental data as a guide but, in fact, are estimated from the corresponding 
values for magnesium and strontium. 

The basis for the estimation is the fact that the heat capacity curves as a function of 
temperature for members of the same group in the periodic table of elements are 
similar. Even though magnesium has a different crystal structure from calcium and 
strontium, the temperature dependent heat capacity values are expected to exhibit a 
family trend at least up to 300-400 K. This family trend approach is a very common 
technique and is a simple and useful method for estimating missing information or 
verifying the reasonableness of existing data. The approach may be used for many 
physical/thermodynamic properties. 

VAPOR PRESSURE OF BORON 

In my previous presentation, the numerous studies of the vapor pressure of boron were 
discussed. These multiple data sets cover different temperature and pressure ranges 
(overlapping and non-overlapping data sets) with each study containing a vastly 
different density of data points. There are many problems associated with the analyses 
of these multiple data sets. The emphasis in this presentation is to highlight uses of 
theory to provide quality data, not all the possible pitfalls in any analysis. The 
most efficient way to evaluate, in a preliminary way, the agreement, or rather the 
disagreement, of the various studies is to construct a graph of the actual experimental 
data. The usual representation is the logarithm of the pressure versus the reciprocal 
of the absolute temperature, log p vs (1/T). In our laboratory this is done by 
computer; the graphs being roughly 60 x 75 cm. The graphs published in Journals (if 
they are published at all) are often reduced to such a small size that it is difficult 
to distinguish the data points of the various data sets. The graphs provide an easy 
visual assessment as to the possible problems in the choice of the real vapor pressure 
of boron. Such an assessment is not as easily apparent through a comparison of 
equation coefficients or a table of smoothed values. 

The purpose for which this data was collected together will in large part dictate the 
mode of analysis of these multiple data sets. In any event, there are two theoretical 
techniques to be used in the analysis — a mathematical theory (statistics, in this 
case) and a chemical theory (thermodynamics, in this case). 

As a possibility, assume that a reliable description of the vapor pressure and the heat 
of sublimation of boron is the prime interest. This can be accomplished by using an 
equation to fit the data. A mathematical procedure will yield coefficients for the 
equation of interest. Thermodynamic functions provide the relationship between vapor 
pressure and heat of sublimation. For convenience in meshing the equation with the 
thermodynamic relationship, an equation of the form log p = A +(B/T) is appropriate, 
with the coefficient B being proportional to the heat of sublimation. Proper use of 
statistics and chemical thermodynamics would permit a selection of reliable vapor 
pressure and prediction of the heat of sublimation of boron. 

Numerous mathematical procedures are available for representing the data by an 
equation. The primary interest lies in the determination of the coefficients of the 
equation and their uncertainty. In addition, the degree of confidence in the form of 
the equation is important. The choice of the specific mathematical procedure should be 
consistent with the error characteristics of the data. However, a least squares 
approach is often blindly used. To depict vapor pressure, the equation log p = A+(B/T) 
is often used for convenience (as mentioned earlier) but this is not necessarily the 
best as far as the mathematical analysis is concerned. 

A better description of the true vapor pressure of boron may be obtained by the 
analysis of the experimental data simultaneously with other thermodynamic information. 
[This latter information could be derived from experimental studies, such as heat 
capacity measurements, or estimated.] The so-called second and third law combine 
techniques of statistics and thermodynamics in this evaluation. This procedure 
provides a better overall consistency between numerous properties for an extended 
temperature range. The statistics are used for least squares fitting of data and the 
error analysis whereas thermodynamic relationships are used to interrelate the 
properties. 

GASEOUS DIATOMIC BORON 

This example will be used to illustrate the various levels of sophistication which can 
be used in generating a thermochemical table for gaseous diatomic boron. All of these 
approaches rest on a good theoretical foundation, but, like experimental data, they 
have different errors associated with them. 
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The thermochemical table for 82(8) is generated by the use of mathematical 
relationships derived from statistical mechanics and chemical thermodynamics. The data 
required for these calculations is spectroscopic information — electronic energy 
levels and the vibratlonal-rotational energy levels for each electronic energy. These 
data may be derived from experiment or theory. 

From an extremely simplistic point of view, there are many levels of sophistication 
available in treating this problem. Each provides a "slightly" different result with a 
"slightly" different temperature dependent error or uncertainty for each property 
calculated. Each approach is valid with a firm foundation. Once the user decides how 
good the thermochemical table must be, then the appropriate theoretical predictions and 
calculation method can be chosen. 

A summary of the varying modes of using spectroscopic Information of B2(g) is given 

below. They are ordered in degree of increasing sophistication. The data used Is 
given. 

1.  ground state electronic energy level with its vibratlonal-rotational 
constants; 

ground state electronic energy level with its vibratlonal-rotational 

constants; and electronic energy of the excited 
vibratlonal-rotational constants of ground state; 
constants; and electronic energy of the excited state at 30572.4 cm ■■■, using 

3. ground state electronic energy level with Its vibratlonal-rotational 
constants; estimate of energy of two low lying electronic states based on ab 
Inltio configuration interaction, use three excited state energies, assuming 
they all are similar to ground state; 

4. use of all four electronic energy levels, each with their own vibratlonal- 
rotational structure; 

5. use of direct summation technique for all four electronic energy levels. 

For each mode of including this spectroscopic information there is a slightly different 
calculational pathway to use. The various calculations each add a significant 
improvement to the accuracy of the resulting table. The real key for a reliable 
tabulation is the inclusion of the two presently unobserved electronic energy levels at 
low energies. In addition, the knowledge of these levels suggests that similar levels 
be included (by analogy) for AlgCg). These two levels change the entropy by 1.46 to 
6.67 J mol~^ K~^ in the 500-600 K range. 

CONCLUSIONS 

Theoretical works are an important part of any project. This activity can be used to 
supply missing data, to analyze and critically evaluate single and multiple data sets, 
and to derive project results from the available data. The interdisciplinary use of 
data and techniques permit the efficient development of any project. However, this 
does cause problems in that the scientist may not fully appreciate the strengths and 
weakness of techniques which are derived from disciplines other than the scientists 
prime discipline. The proper use of statistics in physical chemistry problems is an 
example. Physical chemists may not have had as complete a training in statistics as is 
necessary to properly treat physical chemical data. 
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TABLE 1 

I Frequently Needed Process Design Data 

Vapor Pressure 

Heat of Vaporization 

Specific Heat/Enthalpy 

Density 

Thermal Conductivity 

Viscosity 

Surface Tension 

Phase Equilibria 
Vapor-Liquid Equilibrium 
Solubilities 

Heats and kinetics of reaction, polymerization, solution, dilution, etc, 

Flammability hazard data 

Reaction hazard data 

TABLE 2 

Experimental Methods in Use at Dow Chemical Thermal Group 

Typical Values 

Type of Measurement 

vapor pressure 

vapor pressure 

vapor pressure 

sp. heat/enthalpy 

thermal cond. 

amb = ambient temperature 

Method T range, "C 

amb to 400 

Sample 
Size 

15 ml 

Accuracy 

<0.1% 

Time 
Required, 

Day 

twin ebullloraeter 1/2 

static manometer amb to 250 2 ml 0.2% 3 

DSC -180 to 750 2 mg 1% 1/2 

DSC -180 to 750 2 mg 2% 1/2 

transient hot wire amb to 250 20 ml 1% 1/2 
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DISSEMINATION OF DATA AND INFORMATION 

Dr John E Button 

Scientific and Technical Information Unit 
Department of Trade and Industry 

Ebury Bridge House 
Ebury Bridge Road London SW1W 8iiD 

ABSTRACT 

The differing needs of several different kinds of data users are considered.  These 
should influence the format and packaging of the data product and the choice pf 
distribution channels.  Numerical data is used differently from non-numerical 
information and the data provider needs to know how his customers use his product. 
The presentation of original data to assist the compiler and evaluator is considered. 
Tagging and flagging may make it easier to find data. 

1 INTRODUCTION 

Data is generated, compiled and evaluated in order to be used.  But before it can be 
used it must be disseminated to those who will use it.  It is self-evident that 
users are not all alike, and their needs will clearly differ with the use they expect 
to make of data.  The effects this has on the most effective methods of packaging and 
disseminating the data are less obvious, and it is worth considering the way in which 
different user needs and different types of data may be accommodated. 

2 THE NEEDS OF THE INDUSTRIAL DESIGNER 

In industry a designer may foresee a need for certain types of data before he begins a 
design task.  The need for other items may only become apparent in the course of the 
design.  The former can be collected over a period of time.  The latter will be 
needed urgently in order not to delay the completion of the task.  A company may find 
it worthwhile to put together collections of the data most likely to be needed by its 
designers in order to minimise this problem but the urgency generally predisposes 
designers to favour sources which they anticipate will provide quick and convenient 
answers. 

A survey of 5000 members of the Institution of Mechanical Engineers was reported in 
1967 by Woods and Hamilton.  They found that engineers relied heavily on personal 
contacts as sources of information and when using written sources designers looked first 
to handbooks and textbooks, then to scientific and technical journals and relatively 
little to other sources.  In 1969 the then Ministry of Technology in the UK surveyed 
the information requirements of engineering designers.  The most used sources were 
the designers colleagues, data from suppliers, handbooks, standards, previous designs 
and company data collections.  As suggested most of the sources were chosen because the 
designer expected from previous experience that that source would prove helpful.  At 
the time of these surveys computer data banks were little used.   Both surveys showed 
preferences for compilations of data prepared with the designers needs and ways of 
thinking in mind. 

More recent studies confirm these preferences.  Chakrabarti, Feineman and Fuentevilla 
studied the sources of scientific and technical information used by several h\indred 
staff in a large US company.  They found the most used source of information was, 
again, people in the work group closely followed by handbooks, trade journals and 
newspapers.  Experts in the firm, technical reports, reference books and jo\irnals were 
also used frequently.  The frequency of use was correlated with availability, ease of 
use, and expected utility. 

Nowadays the design process is likely to involve calculations carried out by computer, 
and data is required as input to these programs.  The calculation cannot proceed 
until some numerical value is available for each data item.  If the data can be obtained 
in machine readable form, with the items in the correct format and order, time can be 
saved and errors avoided.  If not the designer must key in all of the data from written 
sources.  The mathematical nature of the calculation will determine whether particular 
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items of data are critical for a satisfactory result.  The consequences of wrong 
results will usually not be symmetrical.  (Too small a plant will not do the required 
job, too large a one will waste money on capital and running costs.)  So the designer 
will look for data collections with sufficient accuracy in his area of interest.  New 
proposals to compile materials data in this way are discussed elsewhere at this meeting. 

A design team will, in fact, work with (at least) two distinct types of data.  In 
process design accurate data on physical and chemical properties and reactions will 
be sought.  On the other hand in the mechanical design of a plant to realise a 
particular process only code data can usually be used.  These are data from materials 
standards and specifications agreed as indicating either typical values or agreed lower 
or upper bovuids of probable values of properties to be expected from materials of a 
particular specification.  Their use implies that a safe account has been taken of the 
variability of properties within nominally similar materials.  This type of data is, 
in principle, much easier to find than process design data. 

To contrast the needs of different users we may consider a single type of information, 
data on vapour liquid equilibria (VLE) in a fluid mixture.  A distillation column is 
designed to separate the mixture into two parts, one containing most of one or more 
volatile components, the other containing mostly the other components.  The VLE data 
contain information on the degree of difficulty of this separation aJid are used to 
calculate the size of the coliimn needed to separate the mixture at the planned flow rate. 

5  THE NEEDS OF THE RESEARCH WORKER 

Turning now to the research user, he will have developed a deep knowledge of some highly 
specific topic - for example the theory of intermolecular forces and the experimental 
measurements from which they can be calculated.  He will know, or know of, the other 
researchers on his topic and their publications.  In the development of a new theory 
or experiment he will discover a need for information or data in other areas - 
mathematical and computerised methods, temperature or pressure control and measurement 
etc.  As a professional researcher he is well able to extract what he needs from 
compilations and review or from the original publications.  He will wish to compare the 
results or opinions of more than one source to arrive at a 'best available' value, and 
to judge the probable reliability of the data. 

A survey of members of the UK professional societies of physicists and chemists, mostly 
working in research and development, found that they relied mainly on written sources 
especially original papers, reviews and abstracts.  This contrasts with the designers 
preference for personal contacts, handbooks etc. 

In the VLE data example, measurements at a number of compositions define two curves, 
one for the vapour boundary and the other for the liquid boundary.  Mathematical curve 
fitting may be used to fit the curves to the available data from several different 
original papers.  However the best possible fit from this point of view which will be 
sought by the research worker, may not be the fit which best answers the designers need 
to know the degree of difficulty of the separation.  A data compiler with a research 
background may look at the data from a different viewpoint from the designer unless 
he takes the trouble to consider the designer's needs and methods of working. 

4  THE NEEDS OF THE ADMINISTRATOR 

A research administrator, perhaps the secretary of a committee taking decisions on the 
allocation of research resources, needs information on what has already been done, what 
is being done by others, what is known about the needs in that area of research.  This 
is not primary data, rather data about data and its acquisition may present problems 
of its own. 

In the VLE data example, a proposal to measure the VLE data for a number- of mixtures 
raises the question whether these particular mixtures have been measured before and, if 
so what is wrong with the previous measurements.  They may be over a different or more 
limited range of temperatures and pressures, or they may be known or believed to be 
inaccurate perhaps because there are evident discrepancies.  The question also arises 
whether designers or other users need the data, or the range or accuracy of data 
proposed, in order to support their decisions. 

A planner or policy maker also needs to consider a wide variety of data.  Some of these 
will be specifically related to planning - what has been done in the past, what do 
similar or competing organisations do, what is the position in other countries? Others 
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will relate to legal or environmental constraints, to assessments of feasibility or 
probability of technical success and to the probable financial consequences of the planned 
action.  Allowance may be made for several different assumptions about the national 
economy, the activities of competitors, suppliers and customers etc.   The planner is an 
example of a multidisciplinary data user but the outcome of his activities may often 
seem to be little influenced by the type of data which we are primarily considering. 

5 REGULATION AMD HAZARD DATA 

The technical staff of a regulatory agency need to assess the degree of risk of pollution 
or some other hazard to those working on an industrial process, to transporters or 
users of the product or to the general public.  This might involve data on levels of 
toxicity determined by experiments with animals or cells, data on volatility or flash- 
point etc.  Here it will be important to know of the most recent data and to know which 
data has special status in relation to laws or regulations.  Much of the data will be 
supplied by companies subject to regulation, but data from other sources will be needed 
for comparison and to assist decisions on priorities, what data to require from 
companies, what supporting research programmes should be pursued, etc. 

iDi industry there arises a corresponding need to know what the regulations require, what 
data and information is needed to meet regulatory requirements, how much of this is 
already available and what additional tests are necessary. 

This is another multidisciplinary area, and again the nature of the data may sometimes 
be rather special.  For example, a current regulation which states that a particular 
material or process or procedure is hazardous in a particular manner, or allowable 
under particular conditions, provides the ruling data on the subject, whether or not 
other perhaps more recent or more accurate sources suggest that a revised opinion 
might be possible.   Until there is agreement to amend the regulation, the other data 
cannot be used. 

Those with the responsibility for dealing with major incidents for example fires, 
explosions or spillages involving dangerous chemicals need data relating to the 
properties and safe handling of such substances.  The particular need here is for clear 
and immediate presentation of the essential information in a suitable form for use in 
the emergency.  If the data is held at a central point good commiinications will be 
essential as will 24 hour availability.  Local databanks in the control rooms of the 
emergency services may be preferred and in any event the staff supplying the information 
should have experience in the fire or other emergency services.  There is a multi- 
disciplinary element in this type of use but the dominating factor is urgency and clarity 
of communication. 

6 STANDARD DATA 

Standard data can have several forms, but in each case the intention is to facilitate 
some aspect of manufacture or commerce by the adoption of agreed values of data.  One 
such application is the use of standardized data to describe the properties of engineer- 
ing materials mentioned earlier.   Standard design codes provide a similar 
rationalization for the design of heat exchangers, pressure vessels and similar plant 
facilitating the discussion of structural criteria and promoting safe design. 

In other cases the adoption of standard physical properties may be of more direct 
commercial benefit.  For example xhe transfer of a bulk chemical such as ethylene by 
pipeline from suppliers to users depends on a measurement of the quantity transferred. 
An instrument may measure the volume transferred but the mass transfer will depend on 
the density of the gas at the temperature and pressure occurring at the transfer point 
and at the time of measurement.   It is possible to measure temperature and pressure 
and consult tables, charts or equations, to determine the density.   If supplier and 
user consult different data they may disagree as to the quantity transferred.  The use 
of agreed tables, charts or equations will avoid this.   (However if the agreed data 
is known to be inaccurate it may still be possible for either supplier or user to 
manipulate the transfer conditions to their advantage.) 

Those involved in determining standards need data which is accurate, comprehensive, up 
to date and can be made available to all users.  There will usually also be a long 
period of consultation necessary so that the standard can be accepted by users. 
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7 EXPERT SYSTEMS 

A rapidly developing area of artificial intelligence is the construction of expert 
systems.  These contain a store of information about a particular area of expertise 
eg medical topics, the interpretation of mass spectra, analysis of oil or gas well logs 
or prediction of the location of mineral deposits.  This is usually expressed in the 
form of rules and referred to as the knowledge base.  The expert system also contains 
programs which develop inferences from the input information by successive application 
of the rules.   It is possible to express complex areas of knowledge in this way by 
using large numbers of quite simple rules.  The process of translating the expert's 
knowledge into the rules of the expert system is however rather difficult.   It has been 
suggested that 'knowledge engineers' will need computer programming skills combined with 
the talent of a psychologist to codify the heuristic knowledge of the expert.  They 
will also need to supplement the expert's knowledge with data from conventional sources. 
The knowledge bases of expert systems are data bases of a special format and as such 
another type of data usage although detailed discussion is not appropriate here. 

8 DISTRIBUTION CHANNELS 

To meet the varying needs of these, and many other, users the providers of data need to 
consider carefully the segments of the market at which their product should be aimed. 
Who are the expected users and what aspect of their particular needs will be satisfied? 
What distribution channel will reach the target users?  Some will publish their critical 
appraisal of the measured values of a few related properties for a group of substances 
in the same scientific journal which carried many of the original data.  This should 
suffice to reach the research user and an awareness of the paper will spread gradually 
amongst industrial users.   Others will offer their work to a specialised data journal 
whose readers have a particular interest in good data and its thorough evaluation. 
Other groups might produce reports quickly for distribution by mailing list to industrial 
users and others who have expressed prior interest, or synchronise their work with the 
revision cycle of some widely respected handbook. 

Professional societies or special interest groups can distribute to their members 
information and data of particular releveince to them, either compiled for that specific 
purpose, or independently offered for publication by this channel.  They also provide 
a valuable means of alerting members to the availability of other sources of data which 
are appropriate Eind 'friendly* to the particular audience, perhaps new standards, trade 
literature, handbooks etc.   In view of the comments made above on the needs of 
engineers and designers, this type of route seems to be potentially of great value in 
promoting awareness of data sources. 

Electronic databases with on-line retrieval offer currency of data as one of their 
advantages and their growing use increases the demand for regular updating.  At the 
same time however they provide a ready ajid convenient vehicle for the distribution of 
new data as a matter of course to all who interrogate the data base. 

9 FORMAT 

As well as the means of distribution of data, it is important to consider the format 
and presentational style which will be most appropriate for the target user.  Tables 
of numbers are probably the most familiar format for numerical data, and clearly data 
of any accuracy level from rou^h guideline to very precise (as in the fundamental 
constants of physics) can be presented.  For data which depend on some independent 
variable (temperature, time etc) the interval of the variable can be chosen to present 
the data in any desired amount of detail, and the use of the table is greatly simplified 
if linear interpolation is sufficient for the level of accuracy needed by the user. 
Data which depend on several independent variables can be represented by tables but less 
conveniently, and care is required in the layout, especially if there are more than two 
independent variables. 

Graphs or charts provide a good overall impression of the way in which one variable 
depends on another.  Values can be read off the graph - within accuracy limits 
dependent on the scale of the graph, care in production etc - for any value of the 
independent variable within the range of the graph.   Several quantities can be 
represented on the same graph, provided the curves are sufficiently dissimilar not to 
superimpose and can effectively convey relationships between the two quantities.  For 
example latent heat, entropy difference and volume or density difference between vapour 
and liquid phases all reach zero at the same temperature and the curves all have vertical 
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tangents at this point, 
of thermodynamic proper 
in a manner which faci] 

L"lf !%ablf ^ITtr  l°°-^i-. --P^ -ay show the distribution more clearly than 
would a table.   If there are sufficient data and the distribution is believed to be 
continuous, contours may be calculated and displayed.   Colour can ^reatlv InhanrP th« 
information content of a map.   In the case of geodata derived ??^m Sellite 
observations the maps - in digital form - are the original data.   "^^"^^^*^ 

Equations allow the user to calculate a property for any desired value(s) of any number 
of independent variables - within the range of validity of the equation   Tht fn^Tr 

TntTrTA'l'^  ""^.': ^""^'^ ^'"^'^''^^^ °^ " "'^^ ^^ influLcL bj TeZ:""'  When tS^ ^re 
coL'stent   For :r" T^'^'i''' ''^^ equations describing tLm ou^t to brm^tually 

F-TV ^^^^^^^^^^^eZ^r ?:iyi:L:s LTS fiLed 

^:^-f^-:^i^:s^:: ^:^ ?i^:-oirrSSnsHn 
extrapolation beyond the range to which they have been fitted   In .m^!+^r ''^''^^°" ^" 
several terms only those which make a significant co^^rii^tL; sh uld'bf ncLd^ed ''^"" 
Statistical tests can, and ideally should, be used to demonstrate the reliabiUtvof thP 

llZTot tTlhL";cai^Sdu^?i;! ^^''—''- ^ — ^^ -^ 0O.A''ilTllZ In "^ 

CaTneedf frt^'T\"'^i''' an equation in a form suitable for computer calculation. 
Care needs to be taken to maintain a suitable level of accuracy over the whole ran^e 
of the independent variable(s) and it is desirable that the calculation shoid not use 
up significantly more time or storage space than is necessary.   Erroneous Spu^values 
should always lead to some clear indication of error.  The widespread u^I o7liZn 

Part of the increased use of computers to handle data, of course, is the growing use of 

IdiTlT^.   ,     ''^'^^ "^^^  '° "^^^ ^^^^-   ^^^^« ^^y  li-^t the manner aSeitfnt 
to which the data can be displayed especially in the case of videotext.  Data which 

:«:^ss ?-'-:LrJbr"? ^'^^ir^ :^cr:^/^^ :LSS. 
De acnieved in hard conv   Vny  ov=m^i ^       T  ^.7        •' "'"-^"^ wciys tnan couj 
to display compJ^te colUction^ onS^'f^r'a^SLff'' °f "^^-^-1- ^ata could be used 
properties for a whole r^le of allov.   T+  ^i/l      ^^^°^'   °^ ^^^  ^^^^^^ °^ particular 
number relating to a^ial^y Zor^llt/  '     ^       T ^  ^e searched to provide a particular 

«p»i»o. ,„„ai .s,LT" p"J:uf ssiji'.sLr.:raL:Sx: s*.S!" -^ 
10  COLLECTIONS OR PACKAGES 
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multidisciplinary user, needs to have data wnich are widely dispersed in original brought 
together in a convenient collection or package.  One way to do this is in large all 
embrancing collections which seek to be all things to all users.  However, the cost 
of such collections is becoming prohibitive, in addition to the disadvantage of their 
size, and a better way may be specialist packages tailored to the needs of particular 
groups of users. 

11 PRESENTATION OF ORIGINAL DATA 

We have been considering the distribution to the end users of data which have been 
compiled, evaluated, packaged etc.   Between the generation or measurement of the data 
and the compiling and validation stages there is usually another dissemination stage. 
The original data is made available in a published paper or laboratory report.  The 
compilers and evaluators need to find and use these papers and reports.  Care in 
presentation by the originator can greatly assist the compiler and evaluator.  A CODATA 
task group on Publication of Data in the Primary Literature with financial support from 
Unesco prepared a Unesco-Unisist Guide for the presentation of numerical data in the 
primary literature.  The guide was reprinted as Codata Bulletin No 9 and elsewhere. 
Its recommendations cover the provision of an adequate description of the experimental 
procedures, so that evaluators can form a view on the quality of the data, and an 
explanation of the reduction of the instrument readings to be reported results (including 
any assumptions made and models used), as well as the presentation of the numerical 
results.   Under this last heading the guide recommends that all important numerical 
results be tabulated in a form as close as practicable to the original measurements, that 
if smoothed data are also included these should be presented either by equations or by 
tables with sufficient digits and close enough spacing of the argument to allow 
interpolation without serious loss of accuracy, and that both the imprecision and  the 
inaccuracy should be presented carefully, distinguishing and estimating the contribution 
of the various sources.  The use of standard symbols, units and nomenclature is also 
recommended.  These recommendations have been interpreted and extended in a series of 
specialised guides for chemical kinetics, thermodynamics, biochemical equilibrium, 
biology and a number of other fields.  This reinforces the important feature of 
traceability.  While changes in format, packaging, evaluation, etc can all contribute 
to the ease of identification and use of the data, the means must be preserved through 
each successive stage of processing for the user who needs to do so to identify the 
quality of tne data he is using, its precision and accuracy and to get back to the 
original source if necessary.  Failure to do this can reduce the value of the data 
sources;  it is misleading at best;  at worst it could be positively dangerous. 

12 TAGGING AND FUGGING 

As has been stated, compilers and evaluators need to find the original data on which they 
work.  The usual tools of information retrieval, bibliographies, abstracts etc whether 
in printed form or as computer databases, do not always distinguish between papers 
which contain new data and those which do not.   'Flagging' means adding a symbol to 
the abstract of a published paper to indicate that the paper contains data.  The symbol 
may also indicate the broad type(s) of data reported in the paper.   'Tagging' refers 
to more detailed identification of the data content of a paper.  A joint working group 
of the Committee on Data for Science and Technology and the International Council of 
Scientific Unions Abstracting Board looked into tagging and flagging in 1976 and 
expressed the view 'that flagging and/or tagging of the data content of literature is 
inevitable in the near future'. 

The intention of course is to save the reader's time by allowing the retrieval from 
bibliographic, abstracting and index services of only those papers which do contain data. 
To be fully effective a scheme of flagging or tagging needs to be a universal one, 
compatible across scientific disciplines, language independent and well judge in the 
level of detail.   Up to a point more detail, eg the type of material, its state of 
aggregation, the property measured, the method of measurement etc increases the usefulness 
of the tag but it also increases the effort required and the cost of providing the tag 
and of copying it into all the relevant entries in an index or databank.  Despite 
the optimism of the Joint Working Group, progress towards a widely acceptable scheme 
seems to be very slow.   In the meantime authors of papers containing data can help 
by ensuring that their papers contain useful abstracts in which this is made clear. 

13 CONCLUSIONS 

There are many ways of disseminating data, some less obvious than others to the primary 
data producers.  By considering the needs and data-seeking habits of several types of 
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user, we have seen that both the means of dissemination and the format of different 
types of data should be matched to the target user if the most effective use of the data 
is to be ensured.  Data is both a costly and a valuable commodity and this care in 
dissemination can improve the benefit-to-cost ratio.  Throughout the packaging and 
dissemination processes the data should always retain sufficient identity to give the 
user an idea of its quality and the means to go back to the source if required. 
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GENERAL REVIEW OP NUMERICAL DATA BASES 

David R, Llde, Jr. 
Office of Standard Reference Data 

National Bureau of Standards 
Washington, D,C.  20.23'4 

SUMMARY 

Quantitative data resulting from measurement or calculation play a key role In every 
field of science and technology.  The organization of such data Into compilations or data 
bases has become more difficult as the amount and complexity of information in the tech- 
nical literature increases.  This paper surveys current efforts to prepare data bases of 
interest to the scientific and engineering communities.  Emphasis is placed on computer- 
searchable data bases and their dissemination through on-line networks and other means. 
Mechanisms for International cooperation are discussed. 

INTRODUCTION 

The "information explosion" In science and technology has been a popular theme for 
writers and speakers over the past 25 years.  The rapid growth—at times literally 
exponential—in published papers, reports, and computerized data files has taxed both 
our Institutional and human ability to store, retrieve, and assimilate information.  For- 
tunately, the growing power and availability of digital computers has prevented a complete 
swamping of our traditional means for handling scientific information.  Impressive prog- 
ress has been made in the last decade in developing computer-based bibliographic files 
which can be searched interactively from remote terminals.  These files permit rapid 
search of hundreds of thousands of documents on the basis of a profile of key words— 
a carefully selected set of terms which attempts to match the interest of the user with 
the contents of the documents.  The result of such a search is a list of potentially 
relevant documents which the user must then acquire and examine.  These "on-line" bib- 
liographic search systems, though still not fully perfected, have proved their utility 
in making a first pass through the technical literature. 

What the scientist or engineer ultimately wants, however, is factual information. 
In most cases, this means numerical data that describe, in quantitative terms, the 
behavior or properties of some material or system.  There is great Interest at the pres- 
ent time in extending computer-based information-handling techniques to include such 
numerical data.  This offers, in principle, a way to transmit needed data to the ultimate 
user by electronic means, without the intermediate step of referring to a book, report, 
or Journal. 

CLASSES OF DATA 

It is unfortunate, and somewhat ironic, that the scientific and technical informa- 
tion community has failed to develop a precise vocabulary for many key concepts.  The 
term "data base" is frequently used for the bibliographic files mentioned above (Chemical 
Abstracts, Engineering Index, etoj, as well as for numerical data files, although certain 
groups have attempted to differentiate by calling the latter "data banks."  For the pur- 
pose of this paper, data will be understood to mean factual information, usually expressed 
in numerical form, which has been derived from some measurement, observation, or calcula- 
tion.  A data base is an organized collection of such factual Information on a well- 
defined topic.  We shall be concerned particularly with .data bases expressed in some 
computer-readable medium. 

A detailed classification scheme for scientific and technical data has been presented 
by the Committee on Data for Science and Technology (CODATA) of the International Council 
of Scientific Unions (ICSU) through its Task Group on Accessibility and Dissemination of 
Datai.  The fine structure of this scheme need not concern us here, but it is helpful to 
recognize three broad classes of data: 

Class A—Repeatable measurements on well-defined systems.  This includes the tradi- 
tional data of physics and chemistry, resulting from measurements of well-understood 
properties of systems of known composition.  In principle, such data are subject to veri- 
fication by repeating the measurements in a different laboratory at a different time. 

Class B—Observational data.  Here we include the results of measurements which are 
time- and space-dependent and cannot, in general, be checked by subsequent remeasurement. 
This category includes many of the data, from the geosclences as well as environmental 
monitoring data. 

Class C—Statistical data.  This class includes various data which are not always 
thought of as "scientific," but which are important in many technical problems—demo- 
graphic data, records of production of chemicals, energy consumption figures, health 
statistics, and the like. 

The three classes have sometimes been referred to as hard, semi-hard, and soft data, 
respectively.  Clearly, the boundaries between the classes are not sharp.  For example, 
most biological data are time- or space-dependent, but a carefully designed experiment 
with an adequate sample of organisms can yield results with high enough statistical sig- 
nificance to be placed In Class A. 
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THE GROWING NEED FOR GOOD DATA 

In more placid times than we live in today, the typical scientist or engineer 
encountered no major problem In locating whatever data existed that were pertinent to 
his needs.  A small number of journals and handbooks, plus the informal peer-group 
information chain, were generally sufficient.  Judgments on the validity of the data so 
located could often be made on the basis of direct personal knowledge of the laboratory 
which generated the data.  This process becomes less and less tenable as the scale of 
needs and data sources increases.  Equally important, the most crucial and challenging 
problems that we deal with today usually require data which cut across traditional dis- 
ciplinary lines.  The peer-group channels and personalized value judgments are no longer 
as" effective as they once were. 

As a typical example, consider the debates on depletion of the ozone layer by super- 
sonic transport exhaust and release of chlorofluoromethanes.  Important political and 
economic decisions rest on complex scientific questions.  Elaborate mathematical models 
have been developed in an effort to predict, with sufficient reliability, the consequen- 
ces of certain existing or proposed practices.  These models require various types of 
input data.  Meteorological data (Class B) enter into the prediction of transport of the 
pollutants into the stratosphere.  Rate constants for several hundred chemical reactions 
and cross sections for photodlssociation by solar ultraviolet radiation (Class A) deter- 
mine the complex chemistry occurring in the stratosphere.  Long-term data on the ambient 
ozone concentration as a function of latitude (Class B) are necessary to provide a base- 
line against which man-made perturbations can be compared.  Epidemiological data (Class C) 
are needed to predict the level of risk to human beings from diseases such as skin cancer 
induced by higher ultraviolet radiation levels.  The numerous studies of the ozone deple- 
tion question^ have rested heavily on these and other types of data. 

Other examples are easily found.  The proposal to increase our dependence on coal 
as an energy source raised many questions which can only be answered with adequate data 
bases.  The needs include better data on the physical, chemical, and toxicological prop- 
erties of compounds derived from coal; base-line data on pollutants likely to be released 
by expanded coal utilization; and a long list of data relevant to the effects of increasing 
the atmospheric carbon dioxide level.  Data on fatalities from grade-crossing accidents 
involving coal-carrying trains have even been used in one recent study of energy options 3. 
A comparable variety of data needs enters into the consideration of nuclear, solar, and 
other energy sources. 

It is safe to predict that examples such as these will multiply.  Bitter debates on 
the risks from allegedly carcinogenic food additives and contaminants have already occurred. 
The implementation of the Toxic Substances Control Act of 1976 raised a long series of 
data needs—not only data on the toxic effects of chemical compounds, but also physical 
and chemical properties, production and use statistics, and a variety of environmental ■ 
monitoring data.  These needs were explicitly recognized by Congress in Section 25(b) of 
the act which required the Council on Environmental Quality to coordinate a study of "the 
feasibility of establishing a standard classification system for chemical substances and 
related substances and a standard means for storing and for obtaining rapid access to 
information respecting such substances."'* 

Even aside from questions of health and safety which are subject to government regu- 
lation, most industries are dependent on good data bases for process selection, design, 
and control.  Sudden shifts in the cost and availability of raw materials dictate changes 
in production conditions.  The high cost of energy encourages "fine-tuning" of processes 
to minimize energy consumption and optimize product yield.  Long-term reliability of 
manufactured products becomes a factor in meeting competition.  Engineering design is 
done more systematically, with growing use of computer-based models for simulation of 
actual processes.  The answers obtained from these models are no better than the data 
that are put in. 

THE ELECTRONIC REVOLUTION IN DATA DISSEMINATION 

Handbooks, journals, and other traditional publication formats still serve as the 
major source of data for most scientists and engineers.  However, the increasing cost of 
composition and printing, as well as the difficulty in updating massive hard-copy volumes, 
are strong driving forces toward the use of modern computer and telecommunications tech- 
nology for data dissemination.  Computer-based formats offer several advantages: 

a) It is easier to maintain currency of a data base through frequent updating. 

b) More sophisticated search strategies are possible; for example, one may carry 
out multiparameter searches using Boolean operations which are not practical 
with printed tables. 

c) The data resulting from a search can, with appropriate software and hardware, 
be put into a computational program for further manipulation without the need 
for human transcription. 

d) Current projections Indicate a decrease in storage and telecommunication costs, 
while all costs associated with printed books are likely to continue to rise. 
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Computerized data dissemination appears to be developing along two parallel paths: 
distribution of data bases In some tangible storage medium (e.g., magnetic tapes) and 
distribution through on-line.interactive networks.  The former is widely used for certain 
types of data bases.  The World Data Centers^ provide many Items in magnetic tape format 
such as oceanographlc data and geophysical data obtained from satellite observations 
The National Technical Information Service handles magnetic tape distribution for a num- 
ber of government agencies.6  The incorporation of data bases in the internal data pro- 
cessing systems of instruments such as mass spectrometers is a growing practice.  These 
systems permit the results of a measurement on an unknown substance to be matched In real 
time against a library of reliable data, thus greatly facilitating the Identification of 
unknowns,' 

The distribution-tape mechanism is most attractive when the user expects a continuing 
reasonably heavy need for the particular data, which Justifies the effort required to    ' 
Install the data base and necessary software on his own computer.  When the need is more 
sporadic, or when the user is unable to make the investment required to handle the data 
base in his own institution, access through an on-line network becomes more appealing. 
This requires only a modest capital Investment in a suitable computer terminal plus, in 
some cases, a small subscription or entry fee.  Beyond that, the user pays only for the 
data that he actually retrieves from the network. 

On-line Information retrieval has become familiar to many scientists and engineers 
through use of the bibliographic files in services such as Lockheed DIALOG, SDC ORBIT 
Bibliographic Retrieval Services (BRS), the National Library of Medicine (MEDLINE, TOXLINE 
etc.), and others.  Over 2 million individual searches are estimated to have been made   ' 
In the last year through services such as these, which provide access to several hundred 
bibliographic files of interest in science and technology.  Interest is' growing in extend- 
ing on-line services from bibliographic files to numerical/factual data bases.  There are, 
in fact, several hundred such data bases already available to the public through on-line 
services.  Although the majority are in the business and economic area (e.g., stock 
market quotations, currency exchange rates, etc.), a significant amount of hard scienti- 
fic data can be accessed on-line.  The existence of these services demonstrates that 
there are no serious technological barriers to the growth of on-line scientific and tech- 
nical data bases. 

One on-line data service which has become well-established is the Chemical Informa- 
tion System (CIS), which was initiated by NIH and EPA and now Includes participation by 
several other agencies.8  The CIS now has over 500 subscribers who make a total of about 
25,000 searches per month.  Some of the currently active components, such as MSSS (mass 
spectra) and XTAL (single crystal lattice parameters), contain numerical data bases in 
the sense defined In this paper.  Others contain descriptive Information which includes 
some numerical data; for example, OHMTADS gives a concise narrative statement of the 
degree of hazard to public health of each compound in the file plus quantitative data, 
when available, on its toxlclty.  The NMRLIT and FRSS components are bibliographic in 
nature.  Each component Includes appropriate software for retrieving the data or other 
information contained therein. 

The components of the CIS are linked to a central hub known as the Structure and 
Nomenclature Search System (SANSS).  This is a file of close to 200,000 chemical com- 
pounds containing the formula, name, synonyms, and complete structure record for each 
compound.  The file can be searched on the basis of structure, substructure, full or 
partial name, or formula.  Once a compound Is Identified through SANSS, the user Is 
Informed which CIS components contain information on the compound, and he can be trans- 
ferred to the component of Interest to him by means of a simple command.  The Chemical 
Abstracts Service Registry Number serves as the unique identifier for a chemical com- 
pound which permits the linking of the Individual data bases to SANSS. 

The CIS Illustrates the power of an on-line search system to provide a variety of 
Information In a quick and convenient manner.  For example, a user might employ the Mass 
Spectral Search System or the X-Ray Single Crystal Search System to identify an unknown 
substance.  He can then determine from other CIS components whether the substance has 
been detected in certain environmental monitoring records. Its physical properties and 
toxlclty, and whether it has been cited in recent government regulations.  Although 
some of the components are not yet completely developed, the advantages of the CIS con- 
cept are already clear.  The user gains essentially Instantaneous access to diverse 
classes of Information which would be quite laborious to obtain by conventional methods. 

Other on-line systems for disseminating numerical data bases are being developed 
both in this country and abroad.  The Metals Properties Council, In collaboration with 
several other organizations, is planning an on-line materials property system.  The 
American Society for Metals and the National Bureau of Standards are cooperating on plans 
for on-line dissemination of alloy phase diagrams.  Lawrence Llverraore Laboratory has 
developed an extensive on-line system which emphasizes data related to energy storage 
and conservation.y  In Prance an on-line network called Questel. Is now in operation and 
numerical data bases of scientific interest will be Included In the EURONET-DIANE network 
All observers foresee a very rapid growth in the next five years. 

. —   -^ „„„^„ i „j. ^^jt^rging users 
for service is not always clear.  Standardization is a major problem.  Even with biblio- 
graphic services, a user must learn the language and protocols peculiar to each service. 
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In dealing with numerical data, the more complex file structure and greater variety of 
formats accentuate this problem.  While much attention Is now being devoted to designing 
"user-friendly" software which will minimize the need to master a complex set of instruc- 
tions, this goal is not likely to be reached quickly or easily. 

Finally, there is the central problem of quality assurance.  In conventional publi- 
cations of reference data it is possible to Include expository text and footnotes point- 
ing out the accuracy limits and explaining any caveats on the use of data.  Also, 
citations can be given to the full literature from which the data were derived, so that 
an Interested user can track each recommended value to its source.  The more rigid con- 
straints imposed on a computerized data file make it difficult to convey such auxiliary 
Information to the user.  It is very important, therefore, that the contents of an on- 
line data base be carefully verified and that the user be assured that the values he 
retrieves are the best available.  The National Bureau of Standards is following this 
policy in all its computerized data bases of physical and chemical properties; In general, 
the computer version will be backed up by publications which document the choices, of data 
and explain the evaluation process.  Unfortunately, such a policy has not been clearly 
established for other types of data.  The practice of putting unverified data into 
publicly-available systems is a very dangerous one. 

DATA CENTERS 

In the early 1960's the concept of the "Information analysis center" (or lAC) became 
popular.  In generic terms an lAC is an institution for collecting, organizing, evaluating, 
and disseminating information in a system.atic way.  Some lAC's deal with a specific class 
of Information; others are focused on a specific problem or application that may require 
various types of information.  An lAC that is concerned primarily with numerical data has 
come to be called a "data center." 

Many data centers that deal with observational (class B) data have been in existence 
for 25 years or more.  Examples are the ICSU World Data Centers for geophysical data^, 
the National Oceanographic Data Center, National Space Sciences Data Centfer, and others. 
This type of data center serves as a repository for data collected by various organiza- 
tions in the course of their work.  The center receives the data in either computer- 
readable or hard-copy form (tables, charts, etc.), organizes and indexes them, and makes 
the results available on request.  Although there are some exceptions, most data centers 
of this type do not carry out extensive analysis or screening of the data. 

Data centers in the physical sciences and engineering operate somewhat differently. 
Here the source of most of the data is the primary research literature (plus some less 
formal literature such as government agency and contractor reports).  The data center 
tries to locate and acquire, on a continuing basis, all documents that may contain data 
pertinent to its assigned scope.  After organization and in-depth indexing of the docu- 
ments, this bibliographic file becomes a resource for the center to use In preparing 
numerical data bases.  That process involves: 

a) extraction of data from the documents 

b) conversion to a common set of units, standard conditions, etc. 

c) judgment of the quality of each data set 

d) correlation of related data sets and testing against theoretical relationships 

e) selection of "best values" on the basis of this evaluation process 

f) extrapolation. Interpolation, or other forms of prediction of property data that 
have not been subject to direct experimental measurement 

Thus the data center carries out a thorough analysis of all pertinent data with the 
aim of producing a recommended data set for general scientific and technical use. 

The primary output of most such data centers is recommended sets of data for public 
distribution.  Some centers also prepare critical reviews which discuss the reliability 
of different measurement techniques or which point out needs for new experimental measure- 
ments.  Some publish annotated bibliographies or data Indexes which guide the user to 
the primary literature sources.  Most data centers provide some degree of customized service 
by responding to public inquiries for specific data points. 

in the United States the Office of Standard Reference Data of the National Bureau 
of Standards has served as the focal point for coordination of data centers in the physi- 
cal sciences.  The resulting complex of centers is known as the National Standard Reference 
Data System (NSRDS)i^.  Some of the NSRDS centers are located in the technical divisions 
of NBS, while others are in universities and other institutions.  Data centers in the 
area of nuclear physics are managed by the Department of Energy.  A list of NSRDS data 
centers with addresses and phone numbers is given in Appendix I. 

NBS also carries out the dissemination of most of the outputs of these data centers. 
The Journal of Physical and Chemical Reference Data, published Jointly by NBS, the Ameri- 
can Institute of Physics, and the American Chemical Society, is a major publication channel. 
Data on alloys appears in the Bulletin of Alloy Phase Diagrams, published Jointly by NBS 
and the American Society for Metals.  Various other professional society, government, and 
commercial publication channels are also used. 
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The existing data centers provide a valuable resource which, unfortunately, is not 
known to all those who could make use of It.  CODATA has a project underway to prepare 
lists of data centers and other data sources In various scientific disciplines.  The 
following chapters of the CODATA Directory of Data Sources for Science and Technology 
have appeared thus far: 

CODATA Bulletin No. 
Crystallography 24 
Hydrology 35 
Astronomy 36 
Zoology 38 
Seismology 42 
Chemical Kinetics 43 
Nuclear and Elementary Particle Physics 48 
Atomic and Molecular Spectroscopy                     49 

Other chapters in preparation deal with chemical thermodynamics, geodesy, geomagnetism, 
ice and snow, and oceanography.  Additionally, further chapters in the biological sciences 
are planned.  These Directory chapters are available from Pergamon Press under the CODATA 
Bulletin number listed above. 

PHYSICAL SCIENCE DATA BASES 

As discussed earlier in this paper, there is a strong trend toward dissemination of 
numerical data by computer-based techniques.  Thus, we are beginning to see the appear- 
ance of computer-readable data bases as one output mode of the data centers described 
above.  At present most of these data bases are distributed in parallel with hard-copy 
versions of the same data; this practice is likely to continue for the foreseeable 
future, because there will continue to be a market for conventional printed compilations. 

NBS now offers the following data bases to the public in magnetic tape form: 

NBS Chemical Thermodynamics Data Base 

NBS/NIH/EPA Mass Spectral Data Base 

NBS Crystal Data Identification File 

NBS Thermophysical Properties of Hydrocarbon Mixtures 

The first three of these data bases contain data on large sets of individual chemical 
substances (15,000, 40,000, and 60,000, in the order listed).  The fourth is different 
in nature; it contains a small data set plus computational programs that provide specified 
properties of any desired mixture at any temperature and pressure designated by the user. 

Other NSRDS data centers are preparing computer-readable data bases in the following 
areas: 

High-Temperature Thermodynamlc Properties (JANAP Tables) 

Infrared Spectra 

Physical and Thermodynamlc Properties of Organic Compounds 

Molten Salt Properties 

Atomic Spectra and Energy Levels 

Chemical Kinetics 

Alloy Phase Diagrams 

Other groups are also active in creating physical science/engineering data bases^^. 
The International Atomic Energy Agency supplies neutron cross section and nuclear struc- 
ture data bases to its members on a regular basis.  Scientific Group Thermodata Europe 
(SGTE) offers computer access to data of metallurgical interest; this is a Joint effort 
of groups m Prance, West Germany, and the UK.  Data for chemical engineering design 
applications are provided In computer formats by the PPDS system in the UK, EROICA in 
Japan, and DECHEMA in Germany.  The Cambridge Crystallographic Data Centre distributes 
an evaluated data base on the structure of organic crystals, which is updated three times 
per year.  A number of other activities leading toward the production of data bases are in 
progress in the United States, Canada, Japan, and Western Europe. 

^v, . finally, mention should be made of discussions of an on-line materials data '^vstem 
that would provide access to mechanical and other properties of structural materlICo? 

thfNBro?flce"of's?rr-. ?? °°"°^P^ °'  ^"°^ ^ '^'^^^  ''   ^^i"g developed Jointly by 
Juppo??eS'Soup) lirsZirlirrlTeLlTnli  rngi^^L^Sg'so^ie^i:: 'T.ll\i{\iTi¥- 
TtZTTe  ball '''°  '"f ^^'^'^ ^*^^^^^-  ^'hiS^thf pfannlif ir;ti;f tn'f V ry eL'ly'^ 
thelr'oin data Cases°avallLt''^''""-H"' '^f ^" '^"°"S^ "^^°^ organizations could make 
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INTERNATIONAL COOPERATION 

The cost -of creating computerized data bases and developing on-line services to 
deliver them Is not trivial.  Systematic planning and cooperation can help reduce these 
costs.  While some countries are planning highly centralized on-line Information networks. 
It seems unlikely that the United States will develop such a comprehensive master plan. 
The private information industry, the not-for-profit societies, and the Federal Govern- 
ment have their own distinct interests and responsibilities, so that a pluralistic approach 
is inevitable.  There are strong arguments, in fact, that no one can predict the optimum 
design for on-line data dissepiinatlon systems at this time.  A reasonable level of com- 
petition is desirable In order to provide users with a variety of options arid allow the 
marketplace to decide which are most effective.  Nevertheless, some central coordination 
is desirable, if only to encourage a degree of compatibility which will benefit all 
services. 

While such arguments can be applied to the systems for delivery of the data, it is 
more difficult to Justify duplication in the creation of the data bases.  This is a very 
expensive process, especially If adequate quality control is exercised.  Thus, there are 
strong Incentives for collaboration in building data bases and for reaching agreement 
among interested organizations so as to avoid duplication of effort. 

The evolution of on-line bibliographic services may provide a useful model for 
developing on-line data systems.  Several services now coexist in the United States, and 
others are coming on-line elsewhere in the world.  All of these services offer the same 
bibliographic files in chemistry, physics, biology, engineering, and other major disci- 
plines, but they differ significantly in their search software and other operating 
features.  Prom the users' viewpoint, this diversity is a great advantage.  However, no 
one would suggest duplication of the enormous effort required to create, for example, 
the Chemical Abstracts file.  On-line data dissemination should follow a similar pattern, 
with the same numerical data bases available on several different systems, each perhaps 
emphasizing a different type of application or a different group of users.  Services 
which combine numerical data bases with bibliographic files and other Information may also 
prove attractive.  There appear to be many opportunities for creative thinking in the 
design of on-line services; what is most needed at this stage is rapid development of a 
sufficient number of good data bases to go into these services. 

Cooperation at an International level can also expedite the development of on-line 
services and help reduce the costs.  The ICSU World Data Centers provide a useful precedent 
for exchange of geophysical data In an organized fashion between distribution points in 
different countries or regions.  The International Atomic Energy Agency has performed a 
similar function for nuclear and other data relevant to reactor development.  In 1966 
ICSU established CODATA as a standing organization concerned with various aspects of 
data collection, evaluation, and dissemination.  CODATA has served as a useful umbrella 
for international efforts to standardize data handling and presentation.  Through its 
biennial conferences, CODATA also brings together scientists from all disciplines who are 
concerned with data problems.  CODATA Is expected to play an important role in promoting 
international cooperation in development of the computer-based dissemination systems of 
the future. 

CONCLUSION 

Predicting the changes in data dissemination and use over the next decade requires 
considerable courage.  Nevertheless, certain trends are clear.  Among these are: 

Needs for reliable data will become more pressing.  Many political and economic 
decisions important to our society will rest on scientific and technical data.  Moreover, 
the pressure for greater productivity and efficiencjt in industry will create requirements 
for better data for use In industrial design and process control. 

Computer-based data dissemination methods, especially on-line systems, will grow In 
use.  This process will be accelerated by the entrance of younger scientists who have 
become comfortable with computer terminals during their education.  The printed handbook 
is not likely to disappear but will gradually become a by-product, through the already 
existing automated typesetting technology, of the same computer-readable data bases which 
are available on on-line networks. 

Coordination in the development of computer-based systems will be essential.  There 
is danger of wastefuilduplication in the creation of machine-readable numerical data bases 
which could greatly Increase the overall costs of Implementing on-line systems, which will 
in any case be very expensive.  Furthermore, the linkage of related on-line systems will 
require careful attention to questions of compatibility and format standardization.  This 
coordination must be carried out at an international level. 
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APPENDIX I:  NSRDS DATA CENTERS 

Alloy Phase Diagram Data Center 

Dr. Kirit Bhansall 
Center for Materials Science 
Materials Bldg. - Room B266 
National Bureau of Standards 
Washington, D.C.  20234 
Telephone:  (301) 921-2811 

Aqueous Electrolyte Data Center 

Dr. B. R. Staples 
Center for Thermodynamics and Molecular Science 
Chemistry Bldg. - Room Al64 
National Bureau of Standards 
Washington, D.C.  20234 
Telephone:  (301) 921-3632 

Atomic Collision Cross Section Information Center 

Dr. Jean Gallagher 
Joint Institute for Laboratory Astrophysics 
University of Colorado 
Boulder, Colorado  80309 
Telephone:  (303) 492-7801 

Atomic Energy Levels Data Center 

Dr. W, C. Martin 
Center for Radiation Research 
Physics Bldg. - Room A167 
National Bureau of Standards 
Washington, D.C,  20234 
Telephone:  (301) 921-2011 

Atomic Transition Probabilities Data Center 

Dr. W. L. Wlese 
Center for Radiation Research 
Physics Bldg. - Room A267 
National Bureau of Standards 
Washington, D.C.  20234 
Telephone:  (301) 921-2071 

Center for Information and Numerical Data Analysis and Synthesis 
(CINDAS) 

Dr. C. Y. Ho 
Purdue University 
CINDAS 
2595 Yeager Road 
West Lafayette, Indiana  47906 
Telephone:  (317) 494-6300 
Direct inquiries to:  Mr. W. H. Shafer 

Chemical Kinetics Information Center 

Dr. R. F. Hampson, Jr. 
Center for Thermodynamics and Molecular Science 
Chemistry Bldg. - Room A166 
National Bureau of Standards 
Washington, D.C.  20234 
Telephone:  (301) 921-2565 

Chemical Thermodynamics Data Center 

Dr. David Garvin 
Center for Thermodynamics and Molecular Science 
Chemistry Bldg. - Room AI52 
National Bureau of Standards 
Washington, D.C.  20234 
Telephone:  (301) 921-2773 
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Crystal Data Center 

Dr. A. D. Mlghell 
Center for Materials Science 
Materials Bldg. - Room A221 
National Bureau of Standards 
Washington, D.C,  20231 
Telephone:  (301) 921-2950 

Diffusion in Metals Data Center 

Dr. John R. Manning 
Center for Materials Science 
Materials Bldg. - Room A153 
National Bureau of Standards 
Washington, D.C.  2023^ 
Telephone:  (301) 921-3354 

Fluid Mixtures Data Center 

Mr. N. A. Olien 
Center for Chemical Engineering 
National Bureau of Standards 
Boulder, Colorado  80303 
Telephone:  (303) 9^^7-3257 

Fundamental Constants Data Center 

Dr. Barry N. Taylor 
Center for Absolute Physical Quantities 
Metrology Bldg. - Room B358 
National Bureau of Standards 
Washington, D.C.  20234 
Telephone:  (301) 921-2701 

Fundamental Particle Data Center 

Dr. Robert Kelly 
Lawrence Berkeley Laboratory 
University of California 
Berkeley, California  94720 
Telephone:  (4l5) 486-5885 

High Pressure Data Center 

Dr. Leo Merrill 
P.O. Box 7246 
University Station 
Provo, Utah  84602 
Telephone:  (80I) 378-4442 

Ion Energetics Data Center 

Dr. Sharon Lias 
Center for Thermodynamics and Molecular Science 
Chemistry Bldg. - Room AI39 
National Bureau of Standards 
Washington, D.C.  20234 
Telephone:  (301) 921-2439 

Isotopes Project 

Dr. Janis Dairlki 
Lawrence Berkeley Laboratory 
University of California 
Berkeley, California  94720 
Telephone:  (4l5) 486-6152 

JANAP Thermochemical Tables 

Dr. Malcolm W. Chase 
Dow Chemical Company 
1707 Building 
Thermal Research Laboratory 
Midland, Michigan  48640 
Telephone:  (517) 636-4l60 
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Molecular Spectra Data Center 

Dr. P. J. Lovas 
Center for Thermodynamics and Molecular Science 
Physics Bldg. - Room B268 
National Bureau of Standards 
Washington, D.C.  20234 
Telephone:  (301) 921-2023 

Molten Salts Data Center 

Dr. G, J. Janz 
Rensselaer Polytechnic Institute 
Department of Chemistry 
Troy, New York  12l8l 
Telephone:  (5l8) 270-6314 

National Center for Thermodynamlc Data of Minerals 

Dr. John L. Haas, Jr. 
U.S. Geological Survey 
U.S. Department of the Interior 
959 National Center 
Reston, Virginia  22092 
Telephone:  (703) 860-6911 

Phase Diagrams for Ceramists Data Center 

Dr. Lawrence P. Cook 
Center for Materials Science 
Materials Bldg. - Room A227 
National Bureau of Standards 
Washington, D.C.  20231 
Telephone:  (301) 921-2814 

Photon and Charged-Partlcle Data Center 

Dr. Martin J. Berger 
Center for Radiation Research 
Radiation Physics Bldg. - Room C313 
National Bureau of Standards 
Washington, D.C.  20234 
Telephone:  (301) 921-2685 

Radiation Chemistry Data Center 

Dr. Alberta B. Ross 
University of Notre Dame 
Radiation Laboratory 
Notre Dame, Indiana  46556 
Telephone:  (219) 239-6527 

FTS  333-8220 

Thermodynamics Research Center 

Dr. Kenneth R. Hall 
Thermodynamics Research Center 
Texas A & M University 
College Station, Texas  77843 
Telephone:  (409) 845-4940 

Thermodynamlc Research Laboratory 

Dr. Buford Smith 
Department of Chemical Engineering 
Washington University 
St. Louis, Missouri  63130 
Telephone:  (3l4) 889-6011 
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Progress Toward a Coordinated System of Databases 
Covering the Engineering Properties of Materials 

J.H. Westbrook 
Materials Information Services 

General Electric Research and Development Center 
Schenectady, NY  12305 USA 

Three studies - one by the Metal Properties Council, an ad hoc 
Materials Data Workshop and a committee report by the National Materials 
Advisory Board - all show the great need for computer access to engineering 
properties information on materials. All find such a system to be techni- 
cally within the capabilities of modern computerized information technology. 
What is now required is a massive and continuing cooperative effort by a 
diverse group of stakeholders in such an information system. 

INTRODUCTION 

Ready access to, and established reliability of, engineering properties of materials 
are essential to effective materials selection and application, process control, product 
reliability and performance - all of which contribute to the vigor and growth of industrial 
economies.  Modern information technology, especially the computer, is revolutionizing the 
whole engineering function from design through manufacturing. Unfortunately, one critical 
link is missing:  computerized files of materials properties data which are needed to fully 
integrate computer-aided-design (CAD), computer-aided-manufacturing (CAM) and computer- 
aided- testing (CAT). 

In most cases a computer file of materials data is not merely a compact store for a 
large volume of information and a convenient, versatile means of access, but also an 
opportunity for enhanced engineering capabilities and a necessity for some design 
analysis.  In addition, the computer potentially offers inherent advantages of compre- 
hensiveness, currency, and speed and accuracy of search that are difficult for a 
"system" of printed handbooks to match.  For example, in selection of material for a new 
design, a computer can simultaneously search for a match of four, five or more parameters, 
each of which can be stated as below or above some target value or within a stated range. 
Just as quickly the effects on the extent of the candidate list or on their ranking of 
adding further requirements, relaxing others, or weighting the significance of each para- 
meter in the required set are readily obtained.  In another instance, materials properties 
data, fed directly into a design algorithm such as finite element analysis in the struc- 
tural field, will give the final component design - geometry and dimensions - so that the 
effects of materials substitution can be immediately sensed and analyzed.  In process auto- 
mation, basic properties data from a computer file are combined with other property and 
process parameters, sensed dynamically in real time and fed to the microprocessor effecting 
the process automation.  In other cases it is the ability of the computer to cope with huge 
volimies of data and to consider the simultaneous effects of several variables that is the 
feature exploited._ Complex experimental programs or the analysis of data sets from multiple 
sources are cases in point.  Many more examples of the unique advantages of computerized 
materials information could be adduced.  In all cases, the computer system capabilities 
and applications described are not mere speculations but are present technical accomplish- 
ments.  A recently prepared technical anthology (1) of published papers on computerized 
materials information systems well demonstrates this fact.  The problem is that few of 
the several dozen materials properties databases built thus far (2) are publicly available, 
and all are small and narrowly focussed in subject coverage.  Thus, while the applicability 
of the computer to materials information is well proven, an effective operating system of 
broad engineering utility is still lacking. 

It is important to emphasize the materials information needs of engineers as opposed 
to scientists, for in many ways the needs of engineers in industry are more demanding and 
difficult to satisfy.  Engineers must not only have accessible the best existing value for 
the property in question, but they must also know the limits of uncertainty for the value 
in order to estimate the reliability of a design.  Rather than working solely with elemen- 
tal metals or chemical compounds, engineers are frequently confronted with complex alloys, 
clads, and other composites whose properties and behavior must also be known or reliably 
estimated.  Furthermore, many properties of commercial materials are not fixed values de- 
fined by pressure, temperature, and similar variables, but are history and structure depen- 
dent.  In addition, engineers frequently require data that cannot be expressed in terms of 
a single property or combination of properties but must be related to a performance test 
or service application.  There are fewer sources of compiled and evaluated data that cater 
to the needs of industry as compared to scientists generally; and under business pressures, 
engineers in industry have less time available to search for answers to their questions. 
Engineers, or their managers, are sometimes reluctant to release data to the outside world 
or to participate in cooperative projects because of a threat perceived (correctly or not) 
to their company's competitive position.  Hence, much that is known and valuable does not 
become available to the world at large, much redundant work is undertaken, and real discre- 
pancies are never examined and resolved.  These considerations also underline the need 
and the opportunity for a revolutionary materials information system. 
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It may further be observed that the needs of the engineer user of a materials infor- 
mation system will vary accordingly as he is representative of a materials producer, a mate- 
rials user, the R&D community or a developer of codes, standards and specifications.  The 
specific information needs of these groups vary considerably.  Materials producers are nor- 
mally concerned with all properties of a narrow class of materials, while many materials 
users will confront only a limited set of properties or application regimes but wish to con- 
sider all available materials.  Materials engineers from a user company, in either the de- 
sign or manufacturing function, will require either nominal data for preliminary material 
or process selection or, on the other hand, specific data of stated reliability for design 
calculations.  Note that the manufacturing engineering function normally includes selection 
of material for processability, control of manufacturing processes, and acquisition 
(purchase) of raw or semifinished material - each of which have their particular data re- 
quirements.  Developers of codes, standards and specifications will wish to have full sta- 
tistical representation and data analysis in order to prepare their documents and recommend 
routes to better quality assurance, life prediction and system performance.  Table I repre- 

INDUSTRY 
GROUP 

MATERIALS CLASSES PROPERTIES GROUPS 

Ferrous 
Non- 

Ferrous 

Refractory 
Be 

Si^eraUoys 
CeramicB 

& GlBflB 
Com- 

poaites 
Inorganic 

Compounds Plastics 
Semi- 

ConductorH Wood 
Mech- 
anical Thermal 

Electrical, 
Electronic 

& Magnetic 
Other 

Physical 

Corroaton 
& 

Oridatlon 
Proceaa- 
ftblllty 

civil 
engineering • • • • • • • 

trarupcrtfltion • • • • • • • • 
power 

generaticn • • • • • • • 
aerospace • • • • • • • • • • • 
defense • • • • • • • • a • • 
chemical • • • • • 
oil and gas • • • • • 
electronics and 

communication • • • • • 
materiaiB 
producers • • • • • • • • • • • 

consumer 
products • • • • • • • • • • 

other industrial 
products • • • • • • 

Table 1   Materials Information Needs by Industrial Groupings. 

sents an attempt to characterize the major data needs of various industrial groupings in 
terms of both materials and properties, while Table II, on the other hand, gives the 
different kinds of data required by materials producers and users in different functional 
areas. 

Ma ten" a s Producers Materials Users 

'~~ Data  ivpe 

Function 

Data Type 

Specification 
Value 

Desired               Actual 
Value                 Walue 

Distributior or 
Correlation 

of Value Function 
Specification                  Design             Set Point              Business 

Value                         Value                Values                    Data 

Incoming Order 

Order Entry 
Procedure 

Incoming Order 
for Product 

Outgoing Order 
for Material 

Design 

Manufacturing 

Engineering 

. 

Testing 

Quality 
Monitoring 

Research 
& Development 

* 

Standardization 
Table II    Data T\-pes  Needed in Various  Functional Areas by 

y.aterials  Producers  and Users (adapted  from a 
presentation by  G.   Dathe  abstracted  in  Ref,   (3). _ 

THE PRESENT STATE OF AFFAIRS IN THE MATERIALS DATA FIELD 

Despite the obvious and multifaceted need for materials data in engineering and the 
growing intensity of that need, the situation remains unsatisfactory in many respects: 

• Materials data sources are not widely known despite the recent publication 
of a series of critical surveys (4) and a general review of data sources for 
materials scientists and engineers (5). 

• Gaps, contradictions, and inconsistencies in materials data have not been 
generally apparent because of the lack of a) thorough compilations and 
b) awareness of those that do exist. 

• With some notable exceptions (e.g., the CINDAS program at Purdue University 
and MFC's efforts), critical evaluations of engineering properties 
of materials are generally missing. 
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• The lack of ready access to reliable materials data is causing a 
significant economic penalty as well as suboptimal performance of 
engineering systems. 

• The power of the computer is not being exploited in the materials informa- 
tion field to the extent that it is in other business, scientific 
and technical fields. 

• The leadership exerted by the U.S. government 15-20 years ago in materials 
information storage, analysis, and dissemination has now largely 
been lost. 

Superficially, it would seem that modern computer technology has the potential to solve 
many of these problems as is proven by its success in many limited experiments and in the 
building of small private files alluded to above. However, in contrast to the successful 
development of computerized databases in the bibliographic, sociometric and financial 
fields, achievement and broad use of automated materials databases have been impeded by 
additional complexities and difficulties intrinsic to the materials engineering field. 
Among them are: 

• data files must he created  ab initio 

The data must be found and extracted from the public literature, private reports and 
other sources. They must then be evaluated and reliability estimates deduced.  Similar 
data from different sources that are to be amalgamated must first be homogenized as to 
units, measurement conditions and other referrent facts.  Finally, to be truly useful and 
to make the most efficient use of the computer, the data must be organized according to 
some schema of knowledge. 

• The development is people-limited 

Persons capable of building an effective materials database must be simultaneously know- 
ledgeable of materials data and their applications and of modern computerized Information 
technology.  Ineffective and unused systems have now disappeared which were built by indivi- 
duals or groups expert in but one of these two critical areas. Individuals or groups possess- 
sing both of the required backgrounds are rare indeed. 

• Property values must be associated toith vajcious descriptors 

Materials properties of engineering interest, aside from fundamental constants such as 
melting point or density, are invariably functions of other parameters which must also be 
included if the stored value is to have any real meaning.  Among these are the common indepen- 
dent variables - temperature, pressure, section size etc, history and structure of the 
material, and the test method. 

• The information to be stored is varied 

There are facts (text), values (numbers) and relations (graphs or equations). To deal 
with all these types within a single information system poses special problems in data 
entry, search and retrieval. 

• Search operations are complex 

In addition to strict Boolean "and/or/not" matching, search routines must also cope 
with relational requirements (equal to, less than, greater than, within the range of) 
and permit extrapolation and interpolation from stored values. 

• Existing machine-readable materials data files haoe been little used and seem capable of 
generating only limited revenue 

This is a "Catch 22" situation.  The limited use derives from the limited access 
and limited compatibility of the existing group of databases which in turn derive from 
the failure to make the investment of time and money to improve the content of the data- 
bases, to increase their scope coverage and to provide for their interconnection. 
Implicit to all this is the poor perception of the cost/benefits of ready access to 
reliable materials data. 

SOME RECENT STUDIES 

Two recent studies have examined the need for, feasibility of, timeliness and best 
mode of development of a coordinated system of databases covering the engineering properties 
of materials.  The first, a year-long study by the writer, was commissioned by the Metal 
Properties Council, an umbrella organization of several professional societies with inter- 
est in materials data: American Society for Testing and Materials, American Society of 
Mechanical Engineers, American Society for Metals and American Welding Society.  Their 
original premise was that the coordinated system envisaged might be brought into being 
through the cooperative efforts of several societies , principally those constituting the 
Metal Properties Council.  The study that MFC commissioned was to: 

• justify the need and define the user market 
• identify immediate and future participants 
• identify databases suitable for inclusion 
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• recommend a management and funding plan 
• identify technical problems to be overcome 
• define a materials-properties matrix suitable for a "Phase I" system 
• define the search, display and manipulation capabilities appropriate 

to a "Phase I" system 

The second study was conducted in a workshop mode by a group of materials data experts, 
assembled by a diverse steering committee, and was funded by support from the National Bureau 
of Standards, the Committee on Data for Science and Technology of the International Council 
of Scientific Unions, the Fachinformationszentrum of the Federal Republic of Germany and the 
Oak Ridge National Laboratory.  In the workshop mode, small task groups addressed predefined 
questions in each of several topical areas: the feasibility, desirability, and timeliness 
of on-line access to materials data; attainable goals; formulation of a plan for 
implementation of a coordinated effort; and definition of unresolved problems for future 
attention. 

In the event, both of these studies culminated at about the same time: the Workshop was 
held in November 1982, and the report to the Metal Properties Council was made in December 
1982. (6)  The formal report from the Workshop was published in the Spring of 1983. (3) The 
report from a third study conducted by the National Materials Advisory Board is yet to 
be issued. 

CONCORDANT OBSERVATIONS FROM TWO STUDIES 

A remarkable and highly reassuring result of the MPC study and the Materials Data 
Workshop was the high degree of consistency and agreement in their conclusions and 
recommendations.  The more important of these concordant observations are as follows: 

• Computer aoaesa to enqineering^ yvo'gerties of matevials -La badly needed but does not now exist 
in any aompvehensive way. 

Among the several drivers for computer accessible engineering data on materials are a) 
the advent of new technologies such as space and nuclear power, b) the thousands of new 
materials being brought to market and c) the new requirements imposed on materials for relia- 
bility, health and safety, and environmental protection. As engineers have turned either to 
their traditional printed sources of information [for sijmmary listings see Refs (4) and (5)] 
or to the few developmental computerized databases [catalogued in Ref (6)], they have found 
them inadequate for the various reasons described above.  Even taken as a group, the existing 
machine-readable databases do not serve, not only because of their non-existent inter-connec- 
tion and compatibility, but also because of the gaps and redundancies in their coverage. 
Some sense of the latter may be inferred from the summary listing of Table III derived from 
the catalog of machine-readable databases previously published (6): 

By Countries By Material             By Property 

30 U.S. 

7 U.K. 

4 Japan 

3 France 

3 Canada 

2 W. Germany 

2 Poland 

1 E. Germany 
39 Metals                   40 Mechanical 

1 Netherlands 4 Composites                  7 Process-related 

1 Italy 2 Semiconductors & Electronics  2 rhermal 

1 Austria 3 Processing                  2 Chemical 

1 Jugoslavia 

1 Norvay 

8 Polymers                    2 

1 Inorganic Compounds 

Electrical 
& Electronic 

1 Czechoslovakia 

58 

1 Fibers                     5 

58                           58 

Other 

Table III Characteristics of Identified Machine-Readable 

Engineering Materials Properties Databases 

• Direot mateviats information needs and aomputerized engineering and manufaatuping systems are 
driving this development. 

While the computer offers the possibilities of improved currency of information, better 
materials selection, and development of more nearly optimized materials, the current surg- 
ing growth of computer-aided-design (CAD) and computer-aided-manufacturing (CAM) activi- 
ties positively demand it.  So far, CAD and CAM have largely addressed the problems of auto- 
mating the drafting, calculational and geometric aspects of these functions.  The reference 
data for insertion into design algorithms or into process controls must still be input by 
hand, largely from printed sources.  As a consequence, the efficiencies of full automation 
are impaired, accuracy lost, and consistency undermined. 
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• A ooat-effeotive and teahniaally sound aomputexn-zed system of engineeving properties 
data on materials will not arise spontaneously; a cooperative effort toward a distri- 
buted system of independent databases is needed. 

Attempts to build computerized materials properties databases can be traced back 
almost 20 years.  None has been successful in the sense of a publicly available, comprehen- 
sive, widely used resource for the reasons previously discussed: limited scope, poor data 
reliability, inadequate promotion, difficulty of access and inconvenience in use.  Current 
developments in computer technology - lower cost hardware and more powerful and versatile 
software - will not basically alter the situation. A cooperative effort by all interested 
stakeholders must be initiated.  Such an endeavor, especially if in the form of a distrib- 
uted, coordinated system of independent databases, as detailed elsewhere (7) would offer 
many advantages: 

cost sharing 
focussed expertise 
decreased redundancy of effort 
complementarity of needs, skills and resources 
ability to marshall a critical level of effort 
opportunity for standardization and compatibility 

I   enhanced promotion and training 

• The participating stakeholder groups should include the professional societies,  trade 
associations, universities, research institutes,  industrial users and generators of 
materials data,  technical publishers, and the government.    They should be international 
in scope. 

Professional Societies. These societies should have a major role in setting standards on 
material identification, property definition, test standardization, and related matters. 
They should also establish the criteria for the inclusion of data and labeling of the level 
of validation.  They can help to identify gaps in the data and educate users (their members) 
on new information technologies.  It is likely that in order to provide convenient access to 
data for their members, the professional societies will produce and maintain one or more 
computerized databases within their specialties, just as they are now producing printed data 
compilations.  Some could involve themselves directly in the electronic dissemination process. 
But a more likely scenario is for the societies to join in some form of consortium to create 
and operate the system as a whole. 

Trade Associations. The role of trade associations is primarily that of a vehicle for 
raising funds for investment from their industry members and, in some cases, for obtaining 
data from member companies.  Some may contribute databases to the system. 

Private Industry. Industry is a source as well as a major user of the data that are to be 
incorporated in the databases.  Industrial users are in the best position to determine 
priority needs for data and to set the required levels of reliability.  Industrial mate- 
rials producers are in the best position to contribute, via new process technology, to im- 
proved properties and more consistent properties, once a correlation between process and 
properties variation becomes established.  It is also hoped that industry also will provide 
some of the seed money needed for establishing the system.  Companies can further help in the 
initial stages by promoting use of the system by their engineers.  It should also be noted 
that, while large industrial companies may be able to make the most immediate and most 
sophisticated use of computerized materials information systems, the greatest benefit may 
be to the host of smaller companies.  The latter lack the knowledgeable staff to make 
proper materials decisions, the time to search the literature for data, and the financial 
and physical resources to generate necessary data themselves. 

Information Vendors. This category includes conventional publishers as well as on-line 
vendors.  Their role depends on the institutional arrangements that develop for setting up 
the system.  Some publishers might contribute databases derived from their handbooks. 
Journal publishers may be able to channel unpublished data to societies or other centers 
that are preparing databases and may also be able to help by instituting data tagging and 
flagging programs.  Information vendors may also be able to assist in dissemination. 

Government. Government laboratories represent a large data generation and data user group. 
Alsothey can be approached as a major source of funding for establishing the databases and 
setting up the dissemination system.  Any consortium building a comprehensive materials 
database will have to work with government to reduce artificial barriers such as antitrust 
restraints. 

Universities. Universities will be a minor but still important source of data and data 
users.  Academic research can make a significant contribution to a system of materials data- 
bases through a better understanding of materials properties.  This research will permit 
more critical evaluation of the data.  Educational institutions also have an important role 
in training engineers in the use of new data sources and information handling techniques. 

International Organizations. CODATA, WFEO, ISO, UNIDO and other international organizations 
can provide mechanisms for setting standards and promoting international collaboration in 
building databases.  Such international activity should not be restricted to international 
organizations per se but should also extend to multi-lateral cooperation between any 
interested individual nations. 
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No signifioant oomputer technology related bapriera exist. 

Computer technology necessary for remote access to a distributed network of databases 
embraces three subtechnologies: hardware, software and telecommunications.  Present state- 
of-the-art is quite adequate to support an acceptable materials information system.  The 
principal, but surmountable, barrier to an effective distributed system at present is 
inadequate standardization, especially with regard to the means of designating materials 
and properties.  Despite the present adequacy of computer technology for the subject pur- 
pose, significant changes in the near term can be confidently expected such as: new types of 
communication links, more powerful and "user-friendly" software, video storage for handling 
mixed text, graphic and numeric data, more cost-effective means of digitizing available 
printed copy, and options for distribution of custom-packaged data subset/software combi- 
nations for use on personal and other microcomputers.  These, however, will supplement and 
enhance rather than totally replace the present computer/phone-line/CRT terminal in the 
immediate future. 

• A time windoa now exists for achieving an effective,  coordinated information system. 

Several threats are impending which might prohibit realization of the desired system. 
Among these are: 

- Emergence of one or more sub-professional quality databases prompted 
by commercial interests will, by a kind of Gresham's Law, inhibit 
or abort the growth of computerized materials data systems generally. 

- Unilateral development, commercial or national, of an effective 
comprehensive system could establish a dangerous monopoly on quality 
materials information with consequent effects on the goods and 
services derivative from it. 

- A Tower of Babel effect could come about lacking a coordinated 
development of mutually compatible files, languages, and database 
management systems.  That is, over a short period of time so many 
independent databases could develop that bringing them together 
later in some kind of effective, rational functioning unit might 
become well-nigh impossible. 

• The immediate next step is to identify the best group to  lead the development,  raise financial 
resources and coordinate technical expertise. 

Required characteristics of the leadership group or "imbrella" organization include 
prestige, objectivity and political and societal connections such that access to funding 
and key personnel are eased.  Candidate organizations in the U.S. include the National 
Academy of Engineering, the Numeric Data Advisory Board, the Metal Properties Council or 
a new ad hoc not-for-profit organization.  Internationally, organizations such as CODATA 
or UNESCO might be considered.  The required developmental financing is in the range of 
several million dollars - not a large sum as major technical projects go but beyond the 
capabilities of most organizations for unilateral action.  Shared financing is thus another 
reason for a cooperative endeavor. 

• Realization of an effective,  comprehensive and coordinated system of databases may be 
expected to have many synergistia and autocatalytic effects. 

- Development of nationally (and internationally) accepted nomenclature, 
definitions, and properties. 

- Protocols for complete, detailed reporting of all data, the time of testing, 
measurement or evaluation to facilitate audit trails, reliability and 
validity assessment, and use.  (This could become an essential, integral 
activity of standards groups, such as each of ASTM's technical committees, 
as additional practices supporting a standard.) 

- Protocols for consistent, uniform, and complete presentation of data in 
scientific and technical literature. 

- Increased attention to standardization of estimation protocols (mathematical 
models, graphics, etc.) 

- Additional and more uniform protocols for data appraisal or assessment of the 
reliability and validity of data. 

- Development of a computer-searchable reference database that would match speci- 
fically identified and completely described materials, conditions of testing, 
etc., and properties versus the literature source, laboratory that did the 
work, etc. 

- A master database, computer-searchable, that identifies test method versus 
source (on an international basis). 

- Evolution of a master matrix of data available versus data not available, for 
use in planning materials property data development programs. 
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- Evolution of a flexible national (and international) nimbering (identification) 
1    system for all types of material for which data are being made available, 

controlled by a national (or international) organization (perhaps similar to 
the ISBN system for books). 

- Evolution of user groups in each type of materials data use activity, 
in each industry, to help define specific data needs and help to support 

1    development and operation of databases. 

- Establishment of additional, coordinating groups like MFC and DIPPR for cogni- 
zance over specific classes of properties. 

- Move of the abstracting services towards more complete coverage of data, with 
data flagging and tagging. 

- Increased participation by academia and others in making data available that 
reside in theses, dissertations, reports and books from the academic presses, 
laboratory files, etc. 

- Concerted efforts by DOD and other government agencies to require their own 
laboratories and those of contractors to make data sets, data banks, or data- 
bases available for universal use. 

- Increased participation by industry in contributing privately acquired data 
and in evaluating publicly available data. 

SUBSEQUENT ACTIONS 

During 1983, following the conclusion of the MFC study and the Materials Data 
Workshop, several actions were taken in support of their recommendations: 

• The main findings of the MFC study as to the need, feasibility (both technical 
and_economic), and distributed database concept for a comprehensive compu- 
terized materials information system were endorsed in principle by the over- 
sight committee and subsequently approved by MFC's Board of Trustees. 

• The Metal Properties Council announced (8) the formation of a new not-for-profit cor- 
poration, the National Cooperative Materials Information Network to design, fund 
and manage a new system.  Formation of a board of trustees for the new corpora- 
tion is now in progress. 

• A separate study (9) by a National Materials Advisory Board Committee endorsed the 
findings of both the MFC study and the Materials Data Workshop report  This 
study particularly emphasized the key role that U.S. government agencies can and 
should take in bringing the envisioned information system to realization. 

• The discussions, conclusions and recommendations of the Materials Data Workshop 
were summarized in a substantial report (3).* In accordance with one of these 
recommendations, copies of the report were forwarded to the president of the 
National Academy of Engineering with the request that the findings be reviewed 
by pertinent bodies within NAE and appropriate actions taken. 

• The background and findings of both studies reviewed here have been publicized by 
lectures and papers presented to such groups as ASME, ASIS, CODATA, AIChE (10) and 
the Design Engineering Conference. 

• A workshop, "Towards a National Science and Technology Data Folicy" was held 
April 14, 1983 which highlighted the U.S. need for a national data policy in 
science and technology, noting the present disarray and inadequacy of existing 
U.S. data programs.  The workshop was coordinated by the Committee on Science 
and Technology of the U.S. House of Representatives, the Congressional Research 
Seryice of the Library of Congress and the Numerical Data Advisory Board of the 
National Academy of Science. 

• Plans have been made to convene, during 1984, three smaller application oriented 
workshops, each involving primarily representatives of a single industrial area. 
VIZ 

ground vehicles 
power generation 
aerospace and defense 

The purpose of these workshops would be to more carefully define and prioritize 
data needs and secure commitments of funding and technical assistance in building 
the planned system. ^ 

'^tjopies ot this report are available to qualified individuals upon application 
%  c^ i-^:,  ^^^^?: '^^•' Office of Standard Reference Data, National Bureau 

of Standards, Washington, DC 20234 
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• Several small individual tasks have been initiated to maintain momentum and build 
interest in the concept of a comprehensive, coordinated system of quasi-indepen- 
dent databases, pending the formation of a permanent leadership organization. 
Among these activities are: 

- Representatives of the MFC and the NBS have been meeting with 
the leadership and key technical committees of various pro- 
fessional societies attempting to define particular roles 
and tasks for each in the total endeavor. 

A detailed description of the scope, content, status, access 
mode, and computer specifications of all known machine-readable 
databases on the engineering properties of materials is being 
compiled by means of a questionnaire survey. 

A study is being initiated of the standardization required with 
respect to materials, properties and test method descriptors so 
as to permit effective interaction between separate databases 
in a distributed system.  This work will concentrate on the 
mechanical properties of metals. 

SUMMARY 

After several years of independent, uncoordinated activity in the computerization of 
d^ta on the engineering properties of materials, it is now realized that cooperation by a 
diverse group of stakeholders will be required to achieve an effective, comprehensive 
system. We are just now at the point of identifying the appropriate organization to lead 
such an effort and of distributing the various tasks which have to be done to those groups 
with the interest, resources and skills to carry them out. Achievement of the goal of an 
effective operating system by the end of the decade seems attainable. 
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ACRONYMS 

AIChE 

ASIS 

ASME 

ASTM 

CINDAS 

CODATA 

OtT 

DIPPR 

DOD 

ICSU 

ISBN 

ISO 

MFC 

NB$ 

Ul^SCO 

UNIDO 

WFEO 

American Institute of Chemical Engineers 

American Society for Information Science 

American Society of Mechanical Engineers 

American Society for Testing and Materials 

Center for Information and Nvmierical Data 
Analysis and Synthesis (Purdue University) 

Committee on Data for Science and Technology (ICSU) 

Cathode Ray Tube 

Design Institute for Physical Property Data (of AIChE) 

Department of Defense (U.S.) 

International Council of Scientific Unions 

International Standard Book. Number 

International Standards Organization 

Metal Properties Council (U.S.) 

National Bureau of Standards (U.S.) 

United Nations Educational, Scientific and Cultural Organization 

United Nations Industrial Development Organization 

World Federation of Engineering Organizations 
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DATA ORGANISATIONS AND THEIR MANAGEMENT 
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ABSTRACT 

Organisations which are involved in generating, compiling, validating and disseminating 

data are not all alike.  Different types of organisations have different objectives 

and motivations.  These lead to differences in management.  Ways of coordinating the 

activities of data organisations are considered and the scope for overall planning at 

national and international levels.  The costs of data activities cannot be ignored. 

The economics of subsidies, piimp-priming and pricing need careful consideration. 

1 INTRODUCTION 

Data organisations differ and they differ in a number of ways.  They may be independent 

or part of a larger organisation, profit or non-profit seeking, public or private sector. 

They may be dependent, or partly dependent on external funding - from government or 

otherwise.  They may differ in how many and which of the stages of the data cycle 

they are involved in and in the availability of their results to users outside the 

organisation. 

2 PRIVATE SECTOR DATA ORGANISATIONS 

A data organisation which is financially as well as legally independent of larger bodies 

needs to sell its output at a price which covers all of its expenditure including staff, 

accommodation, marketing and the acquisition of whatever constitutes the starting point 

for its operations.  It is unlikely that such an organisation would originate data 

by measurement - except perhaps by providing measurement services for clients. 

Compilation is a natural activity for such an organisation as it provides an opportunity 

to add value without incurring high costs.  Validation is often associated primarily 

with experts at large public orgaJiisations (universities or government laboratories) 

but it is sometimes argued that validation should be carried out independently of data 

generation and a small organisation might employ experts who had previously developed 

their expertise and reputation in such large organisations.   To be viable an independent 

data organisation will need to find a niche supplying some type of data which its users 

value sufficiently sind dissemination, including marketing, will be an important activity. 

Data organisations which are part of a private sector enterprise may take the form of 

subsidiary companies employing their own staff but are more likely to operate as an 

internal service team.  The users will certainly include, and may be predominantly, 

other staff of the parent company.  In the larger companies and groups there may be 

either several data teams associated with the operating divisions of the company or 
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an integrated central team associated with a research capaMlity - or perhaps both. 

The data organisation's output may be distributed freely inside the company or available 

on request and in the larger companies there may be some form of notional charging 

against budgets which although expressed in money terms are somewhat less 'real' than 

external expenditure.  There are several possible graduations in the availability of 

data outside the parent company.  The output might be available only to closely 

related organisations such as companies within the group, companies in which group 

companies have a substantial finajicial interest or with whom they trade extensively. 

It might be available to anyone, or almost anyone who asks either free or for a fairly 

nominal charge - perhaps calculated to cover the extra cost incurred in providing extra 

copies of documents, computer tapes or discs etc.  Or there might be a positive effort 

to disseminate the output ajid to recover a significant fraction of the costs while still 

treating in-house users as the primary users whose existence justifies the investment 

in the data team and whose needs determine the programme of work.  This last case could 

even lead to the formation of a more or less independent subsidiary dealing at 

approximately 'arms length' with the rest of the group, and expected to make a profit. 

Data organisations within companies may include the generation of data in their range 

of activities but this is more likely in the case of large companies or groups which have 

research laboratories.  Small and medium sized enterprises are less likely to devote 

resources to data generation.  Compilation of data from external sources is likely 

to be the predominant actvity in this type of data organisation.  In the larger companies 

the data team may include staff who have become recognised experts in a particular area 

of data and validation will be an important activity.  The extent and nature of the 

team's work on data dissemination will depend on the extent to which data is made 

available outside the organisation, as referred to above, and also on the customary 

style of intracompany communications.  In some cases a comprehensive company databook 

or databank will be compiled and updated at regular intervals.  In other cases 

compilations may be produced for each major project - for example an aircraft engine 

or a pla,nt to manufacture a particular chemical. 

3  ACADEMIC DATA ORGANISATIONS 

Academic data organisations will usually have developed out of a research team involved 

in generating data and compiling data from other sources initially for comparison with 

their own data.   If the team is also developing theories to explain the variations of 

a property from one substance to another or with temperature, composition, time etc 

then the compilation will also be used to test the theories.  If there is a lack of 

already compiled data for the particular area of interest then copies of the teams 

compilations may be requested by other researchers in the field leading to publication 

of the compilation and growing involvement in compilation and validation.  The team's 
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research expertise may be in a highly specific aspect of data generation and the 

available manpower largely research students spending only a few years in the team. 

Transition to a fully fledged data operation is likely to involve increased staff and 

perhaps also seeking funds through different channels. The peer review committees 

involved in grant applications for academic research may consider data compilation 

less worthy of support because it appears to be less intellectual, less original, 

less academic than the generation of original data, the development of a new method of 

measurement or a new theory.  A data centre properly needs funding for a longer 

period than the conventional grants linked to the training period of a PhD research 

student. 

4  GOVEEMENT LABORATORIES 

Data organisations in government laboratories differ according to whether the laboratory 

or the agency it is part of, is mission-oriented or not.  If it is then there is a 

vast appetite for data relevant to that mission and the data organisation's task is to 

satisfy as much as possible of that appetite.   Committees and other means of 

communication with the users of each type of data can be used to establish programmes 

and priorities.  In-house use predominates together with use by other organisations 

involved in the agency's activities whether as suppliers, subject to regulation etc. 

The data output may be made available to others, subject to security considerations in 

the case of defence matters.  Once it is established that the data is needed by some 

part of the agency then the cost of providing it is a necessary part of the cost of 

the agency - provided the data operations are conducted efficiently and without waste. 

The activities of this kind of data organisation will include the generation of data 

whenever this is more efficient than buying in data from outside.  The data required 

might be highly specialised or needed at short notice or it may be desirable to keep 

close control over the data generation.   Compilation will be included and validation 

in the areas where agency staff are the experts.   In other areas external experts 

might be employed in validation as consultants or contractors.  Dissemination inside 

the organisation and maintaining good contacts with the user groups will be important 

activities but external dissemination is secondary and may not justify assignment 

of scarce resources. 

I 
I 

Data organisations in government laboratories conducting fundamental research or 

research intended to support the country's industrial base may provide an equally 

fundamental support to the availability of general data capable of a wide range of use. 

Generation of data is likely to play a large part in the activities of such organisations 

but the types of data generated will be determined by the research programme of the 

laboratory.  When an area of research reaches the stage where the fundamentals are 

well established and the detailed application can best be carried out closer to the 

user - either in industry or in mission oriented agencies, then the laboratory's 

programme should be phased down to allow resources to be concentrated in newer areas. 

While the laboratory is active in generating data of a particular type it may be one 

of the major locations of expertise in that subject on a national or even an international 
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scale.  As such it is a natural focus for the compilation and validation of data. 

The data will be made widely available aJid it is desirable that dissemination should be 

a carefully considered activity with adequate resources. 

5  OTHER DATA ORGANISATIONS 

Data organisations may also be operated as part of the activities of a professional 

institution.  The members will not wish to see their subscriptions used to support 

such an activity unless the support is modest and the benefits to all or most of the 

members sufficiently evident.  Funds may be found from elsewhere and the operation 

may avoid running at a loss.  One of the strengths of a professional institution is 

its ready access to knowledgeable people in that profession including both academics 

and senior management in industry. 

6  ENGINEERING SCIENCES DATA MIT 

Several UK data organisations will now be considered.  The Engineering Sciences 

Data Unit grew out of work carried out at the Royal Aeronautical Society to meet a 

need for aircraft design data during World War II.  This work was wholly funded by 

government.  The work continued after the war with government and industry funding 

and in I965 expanded to include design data of interest to mechanical and chemical 

engineers.  Government funding was provided as launching aid through the Institution 

of Mechanical Engineers and the Institution of Chemical Engineers.  At the end of 

the launching period the Unit became self supporting from the sale of its output. 

At this time the Unit took the form of a company, wholly owned by the Royal Aeronautical 

Society, and dissemination and marketing was carried out by a subsidiary of the 

Thomson Organisation - a private sector company with considerable experience in the 

information sector.  More recently the Unit has also become a subsidiary within the 

Thomson Organisation.  The chairman, Dr A J Barrett, is a lecturer in this lecture 

series and has been involved in ESDU throughout the development from being part of a 

professional institution to its present position. 

The Unit compiles data from the published literature and additional material obtained 

through industrial, academic or government laboratory staff serving on a number of 

technical committees.  Validation by the staff of the unit in interaction with the 

technical committee is an important part of the Unit's work.  The chief output is 

a series of some 800 printed Data Items covering mechanical, structural, aeronautical 

and chemical engineering and also materials data.  An increasing number of computer 

programs are also produced but the data is considered to be unsuitable for online access. 

Dissemination of the Data Items is by sale either on a standing order basis or as 

single items.  Marketing involves visits to users and potential users to promote 

sales and identify needs.  User feedback arises chiefly from the regular meetings of 

the technical committees.  About half of the items are sold to users outside the UK. 
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7 PHYSICAL PBOPERTY DATA SERVICE 

This data service was set up at the Institution of Chemical Engineers in the mid 1970's. 

The service was supported financially by the Department of Industry on a launching aid 

basis.  The first manager of the Service was an existing member of the Institution 

staff who had been closely involved in the proposal to set up the service.  The 

second was seconded from a large chemical company for two years.  This proved a 

useful way for him to broaden his experience and for the Service to benefit from 

someone with direct knowledge of the factors affecting the use of the data in industry. 

A management committee, chaired by a senior industrialist and with members from 

industry, university and government department was supported by technical committees 

or panels on which users and data experts were represented.  Recently the Service 

has been restructured to combine the marketing skills developed at the Institution of 

Chemical Engineers with the data generating and validating expertise of the National 

Engineering Laboratory of the Department of Trade and Industry. 

I 

The data available to the Service consisted initially of a collection of data on the 

physical properties of a considerable number of chemicals.  This had been compiled in 

a large chemical company, initially for internal use, and later sold to the Service. 

Additional data was obtained from government laboratories and other sources and computer 

software to manipulate the databank, including the calculation of the properties of 

mixtures, was also obtained - largely from another chemical company.  The government 

laboratories also played an important role in validating the data.  Links with 

organisations involved in the development of computer software for the design of 

chemical process plant proved important in the dissemination of the data for use with 

such design software. 

The data output consisted initially of a single databank available online.  Then a 

Combination of databank and access software was made available for purchase or lease. 

Later a number of separate packages of interest to different users were made available. 

8 MASS SPECTROMETRY DATA CENTRE 

This centre was set up in 1966 at the Atomic Weapons Research Establishment (AWRE) of 

the UK Atomic Energy Authority.  A survey of the requirements of mass spectrometrists 

had shown a need for such a centre to provide a collection of spectra and thereby assist 

the identification of unknown substances.  The Centre was funded initially by the 

Office of Scientific and Technical Information of the Department of Education and Science 

and subsequently by the Ministry of Technology and the Department of Industry.  An 

increasing proportion of the costs of the centre was covered by income from sales of 

the Centre's output.  Changes at AWRE, including its transfer to the Ministry of Defence 

led to the Centre moving to become part of the Information Services Section of the 

Royal Society of Chemistry (RSC).  This part of the RSC is located on the campus of 
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Nottingham University in leased accommodation. The Department of Industry provided 

financial support for a period after this transfer but the Centre is now independent 

of external support. 

The Centre identifies input material by searching relevant journals and abstracts. 

Authors of papers are asked to donate their spectra to the collection and arrangements 

are also made to incorporate collections of data.  The input data is inspected and 

checked before entering the collection.  A major bibliographic output is the monthly 

Mass Spectrometry Bulletin with comprehensive indexes.  This bibliographic information 

is available on magnetic tape and also online through Pergamon Infoline.  Spectra 

were originally available on data sheets but these were superseded by magnetic tape. 

The data is also available online through the NIH/EPA Chemical Information System. 

The spectra are also available in condensed form in the Eight Peak Index.  This is 

a multi volume reference book now in its third edition. 

In the earlier years the printed output was printed and distributed by a government 

agency and limited resources were available for marketing.  This is now carried out 

by the ESC marketing team who were already experienced in marketing information services 

including Chemical Abstracts.  Users and potential users are widely distributed in 

industry, universities and government and in many different areas of science and 

technology including pharmaceuticals, medicine, pollution and effluent monitoring, 

quality control and forensic science.  Contact with representative users is provided 

by regular meetings of a technical advisory committee. 

9  CRYSTALLOGEAPHIC DATA CENTRE 

This Centre was set up in 1965 at the University of Cambridge and has remained there 

ever since.  The Director, Dr Kennard, has been involved in the centre from its inceptio] 

It is funded partly by government and partly by income from dissemination of the output. 

At first the government funding was from the Office of Scientific and Technical 

Information in the Department of Education and Science.  In 1974 this office became 

part of the British Library but its data activities passed to the Science Research 

Council (SHC) now renamed Science and Engineering Research Council (SERC).  A new 

Data Committee was set up by the SRC to handle these data activities for a transitional 

period after which responsibility for the Centre passed to the Chemistry Committee. 

The Centre compiles data from published papers and from unpublished additional 

supplementary data but does not itself produce any original measurements.  Additional 

information is added in the form of derived data - eg chemical connectivity - also 

checking and recalculation are used to validate the data.  The chief output is in the 

form of computer tapes, issued annually with four-monthly updates, of three files - a 

bibliographic file, a chemical connectivity file and a file of structure data. 
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Dissemination is through about twenty affiliated centres each serving a country or 

group of countries.  The database is leased to these centres for use within their 

country or countries.  The centres are supported by grants from their national 

governments and make a contribution to the Centre proportionate to the number of 

crystallographers in their territory.  In the UK the data is available through the 

regional computer centres and the online networks of the SERC without charge except for 

communication costs.  Online access is also available in the US and France but not 

through commercial or other networks which cross national boundaries.  This restriction 

is necessary because of the territorial pattern of dissemination.  The principal users 

are crystallographers, pharmaceutical chemists and chemists concerned with catalysis. 

Communication with users who are also authors of papers occurs in the process of checking 

and validation.  Conferences and workshops provide additional contact with users. 

10  LESSONS FROM THESE DATA CENTRES 

It is clear from the brief accounts of these centres that real life is in many ways 

less 'tidy* than the idealised general cases.  Much depends on individuals who know 

what they want to achieve and are determined to find a way through the constraints 

required by the policy of government or other funding bodies. 

Government agencies may be restructured, divided or merged and their areas of 

responsibility redefined or redistributed.  A data centre receiving financial support 

from such an agency may find that different criteria now govern the administration of 

that support.  Some of the differences will be fairly trivial - the use of different 

forms to report progress or claim reimbursement.  Others will be more significant - 

for example a different view of the importance of market forces, of the appropriate 

timescale for financial support or of the appropriate balance between national and 

international considerations. 

Changes in the economic climate can lead to reductions in financial support, in the 

availability of new measurements and in the demand, and ability to pay for the output. 

Reductions in financial support may be accommodated by increased income from sales 

which may require diversion of resources to strengthen the sales team, by trimming costs 

either by increasing efficiency or by eliminating or postponing the less essential 

activities, by finding additional support from alternative sources or by some combination 

of these.  Temporary reductions in the availability of new measurements do not 

diminish a centre's claim to include all, or almost all, of the best data in its field - 

indeed such reductions ease the task of maintaining the data collection in an up to date 

state.  If the organisation's users have reduced demands or are less able to afford 

data the impact on the organisation will depend on the dissemination arrangements. 

If the data is sold on a price per item basis the impact may be immediately significant. 

If sales are on a subscription or bulk sale basis then some users may be reluctant to 

renew their subscriptions and new users will be harder to find.  Apart from increased 

effort from the sales team the organisation may need to accept some loss of income and 

concentrate its efforts on being ready to respond when the business cycle reaches its 

turning point.  There may be scope to expand into new areas. 
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A data organisation will not necessarily remain at the same location, either in the 

geographical or the organisational sense.  The examples above include a transition 

from a professional body to the private sector, from a government laboratory to a 

professional body and from a professional body to a government laboratory (albeit with 

a continiiing role for the professional body).   Such changes may be a consequence of 

changes in funding or other economic factors or they may arise from changes in the 

nature and organisation of the original parent body. 

It is possible for a data centre to develop from an initial stage heavily dependant 

on grants to a position of greater independence.  This depends on good marketing. 

It is necessary, but not sufficient, to apply resources - both expenditure and capable 

manpower - to promote sales.  It is also necessary to learn who the users are, how 

they use the data, how they could use it and to incorporate this knowledge into the 

decisions on what to produce and how to do it. 

Generating new data by measurement is usually the most expensive part of the data cycle 

unless it is a byproduct of some other activity.  Compilation and validation are less 

expensive and can be more easily funded by selling the output.  Adding value by 

deriving additional data from the input, by constructing a comprehensive databank or 

by providing the means of manipulating the data to match a users particular problem 

can make a very significant contribution to the success of a data organisation. 

Data organisations need to be ready to adapt to changes such as the shift from printed 

output to computer oriented forms of output.  There are differences here between data 

and bibliographic or textual information.  The latter are intended to be read by the 

user and a display at a computer terminal, although in some ways less convenient, can 

be made acceptable to the user.  Niomerical data are likely to be needed by the user 

for some form of calculation.  This calculation, unless it is a very simple one, will 

be performed on a computer and the data organisation is supplying one component to a 

calculation process controlled by the computer software.  There will usually be other 

components of input to the process which the user will obtain from other soiirces or 

provide himself and the process may well require interaction with the user so that he 

can take decisions that depend on preliminary results from the calculations.   The 

design of the software is therefore likely to be dominated by factors relating to the 

natiaie of the calculations and even more the nature of the interaction with the user. 

The data organisation may be able to influence the software design in order to facilitate 

the transfer of data but will often have to accept and accommodate to constraints and 

formats laid down by the software designer.  In some cases it may be possible for 

the data organisation to move into the design of software.  Users in different sectors 

of the data organisation's market may differ in the speed at which they wish or are 

willing to move to computer oriented data usage. 

11   TECHNICAL COMMITTEES 

Most data organisations make use of committees on which users are represented as well as 

those involved in generation, compilation and validation.  The number of users who are 

members of any such committee is necessarily limited and it is important that they can 



10-9 

take a wider view - representing the interests of other users in their sector, 

discipline or project - as well as expressing personal views on and needs for data. 

One way to include more users is to have a series of committees for the various 

identifiable disciplines, subdisciplines etc.  These committees need effective chairmen 

to steer the committees away from being talking shops and towards constructive 

contributions to the assignment of priorities a^d the hard choices between activities 

competing for limited resources.   In the case of data organisations producing data 

primarily for inhouse use or other non-commercial distribution these committees should 

determine the programme of work by a process of interaction between users, who know 

what they need, and data experts, who know what is possible.   In the case of data 

organisations operating more commercially it will be necessary for final decisions to 

be taken by those responsible for the commercial operation of the organisation but the 

technical committees should still assign technical priorities and be allowed to play a 

significant part in the process.  Mutual respect between the two groups will be a key 

factor in success. 

The technical committees should also be looking ahead to spot trends in data usage and 

try to assess the future needs.   This is difficult and will never produce predictions 

which turn out to be absolutely correct but it is important that the organisation should 

collect together the best estimates it can from its users.  Senior managers in the 

user organisations may be able to help in taking a somewhat longer view than those who 

are fully occupied with immediate problems. 

12  NATIONAL AND INTERNATIONAL COORDINATION 

There are advantages in some coordination of data activities on larger scales - 

especially the national and international scales.   Such coordination is, of course, 

not an attempt to determine the detailed policies and plans of all the independent ' 

bodies involved in data activities.   Some degree of such coordination is provided by 

the major funding bodies in their consideration of a variety of applications.  In 

the UK these have included the Requirements Boards of the Department of Trade and 

Industry and the subject committees of the SERG.  Although SERC had, for a few years, 

a separate Data Committee applications for support for academic data activities are 

now considered by the appropriate subject committee for chemistry, physics etc.   This 

has the advantage of bringing data compilation activities together with data measurement, 

development of new measurement methods and others aspects of research in that subject. 

The British National Committee on Data for Science and Technology is a Royal Society 

committee as the Royal Society is the DK adhering body to CODATA.  Many of the 

countries represented on CODATA also have national committees and apart from advising 

the national representative on matters pertaining to CODATA they usually have a role as 

a national coordinating committee for data.  Representatives from the major national 

bodies such as, in the UX, Deparment of Trade and Industry, SERC, British Library 

together with academics and industrialists involved in data can consider general issues 

and encourage cooperation and awareness of data activities. 
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At the international level the Committee on Data for Science and Technology (CODATA) 

is a committee of the International Council of Scientific Unions and has both national 

members and members from the Scientific Unions (for Chemistry, Physics etc).  CODATA 

supports a number of international working groups on various aspects of data, has 

developed recommendations on the presentation of data, guides to data activities through- 

out the world, training programmes on data activities etc. 

13  COSTS, PRICES AND SUBSIDIES 

The costs of a data organisation are not always brought together in full.  There are 

two main reasons for this.   A data organisation which is part of a larger organisation 

may not be required to pay, or to pay a full economic price, for certain services 

provided by the parent organisation.  There are a nvimber of such services and policy 

on which to charge for will differ in different organisations.  When notional charges 

are calculated for management purposes they may have the opposite effect of burdening 

the data organisation with a share of the overheads of the parent organisation which may 

need different facilities. 

The other factor affecting costs is the provision of inputs as a contribution in kind. 

The market for such input data is often a- limited one and a fair price difficult to 

determine.  Contribution in kind, perhaps associated with privileged or earlier access 

to output or disco^inted prices for the output, avoids the problem. 

Nevertheless costs are incurred when data is generated - especially if this involves 

measurements of high precision requiring specialised equipment in expensive laboratories. 

Usually these costs will be carried as part of the cost of a research laboratory. 

In industry this will be justified by the need to develop new products and the defensive 

need to be aware of and to counter factors - such as pollution or product liability - 

which may diminish the company's profitability.  Government research costs will usually 

be justified as an infrastructure contribution to national industrial capabilities 

and in some cases by strategic considerations. 

Compilation costs are smaller.   They can be, and for data used outside the parent 

organisation usually are, covered by charges for the output data.  The cost of 

validation depends partly on how deep the process of checking or reassessment goes. 

It can be a modest component within a total for compilation and validation or reach a 

substantial fraction of the original measurement cost.   If modest it can be recovered 

with the compilation cost.  Extensive validation is usually associated with data 

required inhouse and justified by its value to the parent organisation.  There may be 

scope for partial cost recovery from external sales. 

The costs of dissemination depend on the difficulty of reaching the target users but 

will usually be related to the target income from sales - within a limit determined 

by market saturation. 
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Prices will often be limited by the user's present willingness to pay.   In the past 

much data was available very cheaply and users may need encouragement to appreciate 

the value of well compiled and validated data.  The user's internal costs in 

obtaining the data for himself are not always fully visible for comparison with the 

price of data from a data centre.  Much will depend on the skill of the data centre 

in choosing the type of data to produce and in packaging and presenting it.  Accepting 

input data in exchange for output or as part payment may help. 

A new date centre may need external support for an initial period because, until the 

products are developed and its reputation established with the users, income from 

sales is unlikely to cover costs.  This pump-priming or launching aid type of support 

allows a new centre to come into existence when it would not otherwise do so.   A 

possible alternative would be to subsidise, for a temporary period, the user's purchase 

of the centre's products.   This would normally be more difficult to administer and 

less effective.   In either case the funding body will need to consider carefully the 

probable viability of the centre after the launching period. 

Long term support for a data centre is harder to justify in economic terms.  The 

expected benefits need to be carefully assessed against the maximum benefit achievable 

by alternative use of that expenditure.  In the case of government expenditure that 

would include the benefits to the national economy of not taking that sum out of the 

productive sector.   If the output of a data centre is largely used by users who are 

supported by the same funding body and expenditure in support of the data centre is 

replacing part of the support which would otherwise have been needed by the users then 

support of the data centre may be cost effective. 

14  CONCLUSIOlte 

There is no simple uniform pattern for the setting up and management of data organisations. 

It is necessary to adopt a flexible approach and to treat each individual case on its 

merits.   People are important and data projects like many others often depend for 

their success on some individual with characteristics not altogether unlike a 

successful entrepeneur.  Administrative and procedural requirements - especially in 

large organisations - are not always as bad as they are often represented.  The 

barriers needed to keep order can become hurdles for an athletic expression of fitness. 

Data organisations need good technical ideas and also sound marketing.  Resources, 

people and financial, must be available for both of these - and the people must be 

able to work together.   So long as the organisation has both technical and marketing 

strength either could play the leading role and either might be the determining factor 

in the organisation's location in the wider commvinity - whether industrial, academic, 

government or otherwise. 
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Market forces are a major feature of the developed, non-centralised economies of 

countries in NATO, EEC, OECD etc.  When the unrestrained operation of short term 

market forces is perceived to have longer term disadvantages then temporary subsidies, 

launching aid or pump-priming may be necessary.  In some cases support on a longer 

timescale may be justified. 
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e concepts, des i (jn . deve I opmc-nt . 
n. and applicati<'n of cii st r i liyt i on data 
1 so includotl are studies on tt j st r I I'u ted 
eneral commun I ca t i o,-. stud'os related to 
r networks ai'o cited in anotfior 
This updated bibliography contains 243 

ne of which are new entr-ios to the 
ion . 
TIS/PS-79/071 1 r.';!S/PS-78/0672   80/06/00 

Citations from the 

Informat ton 

ct tOS 

UTTL: Distributed Data processing 
Engineering Index data base 
A/CARRIGAN. B.   CORP: National Technical 
Service. Spi ingfield. Va. 
Ttio b i b I i ocji aphy of woriclwicio journal  I i t<-ra t u''e 
studies on the concepts, dosi'in. c'ove 1 opmcpt , 
implementation, and appl i c.i t i i TI of distributed data 
pr'ocess i ng. Also included are studies on clistrltjuted 
data bases. General communication studies related lo 
major computer netwoi^ks are cited in another 
bibliography. This updated t; ibl iography contains 231 
abstracts. <ill of which are n^w entries to the 
prov i ous cd i t ion. 
PB80-81222b NTIS/PS-79/071 1 NiIS/PS- 78/0672   80/06/00 
80N3228 1 

RPJt/ : 

UTTL: D i s 
N T I S (ia t a 
A/CARKIGA 
Serv1ce, 
The bibl 
studies o 
i mpIement 
process i n 
data base 
major coin 
b i b1i ogra 
abst rac t s 
edi t i on. 
PB80-fi122 
80N32280 

C i tat ions from the 

Inforna 11on 

tributed data processing. 
b.ise 

N. B.   CORP: Nation.ii Technical 
Springfield, Va. 
ography of FederaI Iy - furded research cites 
n i he concepts, design, dove lopm'ii t . 
at ion. and application of distributed data 
g. Also included arc studies on distributed 

General communication studios related to 
puter networks are cited in another 
fihy. This update p i b ! i oaranhy contains 164 

37 of which are new entries to the previou 

17 NTIS/PS-79/0710 N11S/PS- 78/0671 80/06/00 



AUTH 

ABS: 

RPT#: 

AUTH: 

ABS; 

RPTW: 

AUTH: 

and technology: 
, and conceptual 

Data 
mode 111ng An 

College Park, 

i ssues wi thin 

UTTL: Computer science 
Aba t Pcic t i on . databases 
annolc'ited bibliography 
A/bf;ODlE, M. L.   CORP: Maryland Un 
CSS: (Dept. of Computer Science.) 
A b i Ij 1 tography containing 350 entries on 
-the PIea   of conceptual modelling of dynamic systems of 
complex data is given. The entries are from recent 
work in the areas of database management, programming 
languages, artificial intelligence, and software 
enq i iv.er i ng . 
PB8U-183833   NBS-SP-500-59   LC-80-600052        80/05/00 
80NoOU55 

human biological media: Chemicals identified in 
volume 1. part 2, records 1-1580 

B/BALDAUF, M. F.: C/MARTIN, F. M. 
J. T. CORP: Oak Ridgr; National Lab. 
(Health and Environmental Studies 

UTTL: 
A data base, 
A/cof;r, M. V. 
D/EN:,MINGER, 
Tc-nn.   CSS: 
Pri.r); .'m. ) 
A   ccii'i rehensi ve   data   base 

media (tissues and body fluids) is 
I nt roductc:.r^y material, 

and a chemical 

ident i f i ed in of chem i cals 
human biological 
pre'jonted in two volumes. 
references, appendices, indices 

in this volume as a user guide to d i r o c t o r y are given 
the rinta base. 
ORNL/FIS-163/V1-P2 APR- 80/03/00   80N29030 

UTTl: Chemical identified in human biological media; 
A data base, volume 1, part 1, records 1-1580 

; B/BALDAUF. M. F.; C/MARTIN. F. M.; 
J. T. C(JRP: Oak Ridge National Lab., 
(Health and Env i ronmenta] Studies 

A/tO.NF, M. V 
D/EN'MINCER. 
Tenn. CSS: 
Pre gf,:m . ) 

ABS:  A cCN'prehensi ve data base of chemicals identified 
human biological media (tissues and body fluids) 
presented in two volutnes. The data base in given 
this volume In tabular form and arranged 
alphabetically by CAS 'preferred chemical name'. 

RPT#; ORNI/EIS-163/V1-PI APR-1   80/03/00   80N29029 

i n 
i s 
i n 

RPT#: 

AUTH: 

ABS: 

RPJtf : 

AUTH 

ABS: 

data base management systems Into various information 
systems. AI'.o cited are guidelines for use in 
optimizing f-nd   modelling data bases. This updated 
bibliography contains 255 abstracts, none of which are 
new ontr'ios to the previous e-dilion. 
PB00-a08157   80/04/00   80N28230 

UTTL: 
Enqi n 
A/CAR 
Serv i 
The a 
prob 1 
file 
study 
This 
resea 
the 1 
into 
bibi i 
new e 
PB80- 
80N28 

Data 
ocr i n 
RIGAN 
cc. S 
dven t 
ems o 
St rue 
and 

bibl i 
rch o 
mp 1 cm 
var i o 
ograp 
n t r i e 
80817 
229 

base management.  Citations from.the 
q Index data base 

B.   CORP: Natioriai Technical Information 
prM ngf ield. Va. 
of on-line systems and the incrcaslntj 

f file organization, file maintenance, and 
tLires of data bases have r^csulttd In the 
development of data base '''ar.aaenfnt systems, 
ography of worldwide literature cites 
n the development of scft.-.are packages and 
entation of data ba'.o i-^ana^r.iront s.yst<.'ms 
u'-. information syslt'mr;. This uP'-'ateU 
hy contains 251 abstracts. 66 of which are 
s to the previous edition. 
3 NTIS/PS-79/0385 NI IS/PS 78/C329   80/04/00 

RPT/S*: 

UTTL: D 
data ba 
A/CARRI 
Serv ice 
The aciv 
probI cm 
file St 
and d( V 
bibl I c-g 
deve Icip 
data ba 
syst ems 
abst rac 
cdi t i on 
PB80-ti0 
80N2822 

a ta 
se 
CAN 
. Sp 
ent 
s of 
rue t 
e I op 
rapfi 
meri t 
se m 
. Th 
ts, 

base management.  Citations rrvm   the NTIS 

B.   CORP: National Technical I n( orii at i on 
ringfield, Va. 
of on-line systeins and tlie increasing 
file organization, file maintenance, and 

i:res of data bases has required tfie t.tudy 
ent of data l5a',-,c; iianac;e:''tint systems. This 

y of Federally furnioti rovcarch cites the 
of software packages and i/pp I rmont a 11 en of 
'^nagement systems into various Information 
is updated bibliography contains 90 
87 of which are new entries to the previous 

79/0384 NTlS/PS-78/0328   80/04/00 8165 NTIS/PS 
8 

UTTL: Data base management 
dat,:i base 

AUTH: A/CARRIGAN, B. 
Service. Springf 

ABS:  The acivent of on 
problrms of file 
file structures 

CORP: Nationa 
eld, Va. 
1i ne systems . 
ongiin i 7a t i on . 

of da la bases. 

Citations from the NtlS 

Technical Information 

and the increasing 
file maintenance, and 
has required the study 

and dfve 1 opinent of data base managerrent systems. This 
b i b I i cjgraphy of Federally funded research cites the 
development of software packages and implementation of 

UTTL: Alcohol fuels, volume 2.  Citations from the 
NT IS data base 

AUTH: A/CAVAGNARO. D. M.   CORP: National Technical 
Inforiiiation Service, Springfield. Va. 

ABS:  Federally-funded research on alcohol based fuels that 
may be used in the future as ;i fuel source is 
presented. Synthesis, chomit.al an.slysis, i-or f oi'ii ancc 
testing, prccessing, pollution. econoiTi cs . 
environmental effects, and feasibility are Included. 
One hundred and thirty five abstracts. lO'J of which 



are   new   entries   to   the   previous   edition   are   reported. 
RPT#:   NTiS/('S-79/0713/2   NT I S/PS - 78/0673   NTI S/PS-77/0620 

79/C7/00        70N333'3? 

ABS: 

RPT*: 

UTTL: Energy infor-mation data base.  Serial title 
■jupplrment 3   CORP: Department of Energy. Oak Ridge 
Tenn 
Chan 

th i o 
with 
TID- 

CSb : (Technical Inf or-tn--: t i en Center.) 
"S and .idcJitionb to TIO-'J'w9 - R 10 (the ajthori 
lor serial titles used' by TIC) are contained 
'upp1oncnt. The supplement is intended to be 
tha t pub 1 i ca ti on. 
!b79-R10-SUPPL-3   78/12/00   79N30088 

ty 
i n 
used 

UTTL: A stui'iy to review fire pre\ 
i nnovcit 1 onG and new techno loc) ies 
agencies sMice January 1, i<j7 1. 
key word 1 i-t i ng 

AUTH: A/JOHNSON, rv\ A.; B/FOTHt f-iG It L . J 
L.: D/DOUBSRLY. E. B. CORP: Int 
Inc . , Fiockvi lie, Md . 

ABS: The Key word is listed with cro^jf, 
document nuiipers that appear i'z c 
abstracts i" Part 1: it is er.'ent 

c nt i on and   control 
d ev e ' ''"r jec!   by   Federal 
p a' t 2: Coiiipcndium 

. W.:  0/BRYAN. J, 

:qrated Syslens. 

re f preni 

t at 1 c;ns 
OS to 
with 

ndox to about 2 900 
sponsored pi ejects. 

oocun.en t s 

RPT*: PB-287384/2 REPT-09A78000378 

ally < 
result!ng 

77,/ 1 1 /30 

woi k 
f f om f c(.feri\ ]  1y 
•ey 

79N16168 

A data base system for bibliographic 

i tut fuer Funk 
ny ) . 
the prospective 
all, usi ng h i s 

rences. The 
etween the 
owerfu1, and not 
II. It is h Igh 1 y 
d to be 
es or information 
m are descri bed 
design sketched, 
xplained and 

UTII.: SBIBLl 
references 

AUTH: A/SC'-;t;BERT , L.   CORP: Forschunqs mst 
und Mathoma ti k . Worthoven (West Gerria 

ABS: A program system is presented to aiii 
user in creating, updating, and above 
individual file of bibliographic refe 
systeiii is thought to bridge the gap b 
personal card catalog and the huge, p 
alw.iy': attainable dc.>cunientat ; on syste 
user - (■ r i entcd . The user is not ascun-e 
intiiP'itely familiar with bibliographi 
retrieval. The functions of the syste 
in r^une detail and its Structure and 
How to use the system is thoroughly e 
examples are given. 

RPT#: FFM-2i,4   78/03/00   79N28052 

UTTL: A study to review f i r-e prevent 
innovations and new technologies dev 
agencies since January 1. 1971.  Pa'' 

AUTH: A/JOHNSON. ^''. A.;  B/BRYAN. J. L.: 
W.: D/DOUBIRLY. E. B. CORP: Inte^; 
Inc. . Rockv i1le. Md. 

ABS: Literiituro citations are presented v. 
approx i ni.i te ly 2900 documents that '.'.e 
abstracted. The primary goal of the 
create a re;..ource data bciso on fcdd 
work and to identify high value cane' 
technological and/or innovative ,vork 
immediately employed to improve Mre 
Approximately 3800 so I i ci t a t i (JPS for 
such work were mailed over the cours 
in addition to an extensive literati.i 

RPT«: PB-2a7383/'1 REPT - 09 A7800O377   77, t 1 

1 on a"d control 
eloped by Federal 
t 1 :  CoinpOMO 1 um 
C/rOTHE.RGl LL. J. 
rated Syst en s, 

1 th atistrncts of 
re cataloged and 
project wa'. to 
£i i 1 y -'. ponsor'ed 
date 
that could be 
saf ot y. 
'nf o'mat i on on 

e of the project 
re sct'irt h . 
/30   79N16157 

UTTL: Data tjase languages.  Citations from the 
Engineering Index data base 

AUTH: A/CARRIGAN, B.   CORP: National Technical Information 
Service, Springfield. Va. 

ABS:  Query languages, data definition 
manipulation languages, and data 
dictionary/directories were stud 
made to the CODASYL standard, as 
data tases. The data elements of 
a variety of areas are described. 
bibliography contains 60 abstracts 
entries to the previous edition. 

RPT#. NTIS/PS-79/0004/6 NT IS/PS- 78/0012   79/02/00 
79N2t018 

languages, data 

ed. References are 
well as to m.any other 
data bases applied to 
This updated 
20 of which are new 

AUTH: 

ABS: 

RPT#: 

UTTL: A 
t nnovat 
agencie 
A/JOHNS 
W . : D/ 
I no . , K- 
The the 
the com 

the stu 
and now 
and c i t 
with th 
adequnt 
user to 

all ci t 
prevent 
PB-2873 

study to review fire r""e\enti 

ions and new'technologies devc 
s since January 1. 1971. Volu 
ON, f-". A. : B/BRYAN. J . L. ; C 
UOUCtRLY. E. B. CORP: Inteqr 
ockv 1 1 le. Md. 
lurus was prepared av^. a <;ubPo 

put or-compat i bl e i nf orn;a t ' en v> 
dy of fire prevention e.no cont 

t cetinol ogi es . It was used in 
atirjH operation. The ttiesaurus 
e computer ■ compat i b 1 o infcmat 
e coi'puter i zed information sys 
con'.;truct keyword senrch prof 

at ions of interest in a given 

i on and cont rol . 
82/6 REPT-09A78000376   77/11/ 

on and control 
loped by F'.'dcra 1 
me 2:  Thcaurus 
/FOTHERGlIL. J. 
atcd Systeii's. 

r-t i ' v/e   tool f or 
ase t'ove 1 oi ed   for 
rol i nnoval ; i cMTs 
the apst ract 1ng 

1 n eomb! n; it ion 
i on t>ase   and   an 
tern Will    £1 1 1 ow   a 
lies   to   re1 r 1 evc 
fie 1 O   O f    f i re 
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A8S: 

AUTH: 

ABS: 

RPTff: 

AUTH: 

ABS: 

RPT#; 

UTTL: Ex 
i n f orrna I 
enefgy-r 
Senv i ce 
The use 
was cons 
soarci! s 
i dont i fy 
corro< po 
E d i i o r i a 
fOI'  tt'G 
ed i t i r.g , 
tags: an 
ENERGY. 
Posr. i ble 
f o f- e > t e 
ou t 1 i lied 
PB-28065 

periment in data tagging i 
ion-accessing services con 
elated data   CORP: Chemic 
Columbub. Ohio. 

of data tags in a machine- 
ider-od for incorporation i 
crvice. Data tacjs are code 
specific typos of numeric 

nding source documents r-ef 
1 and processing procedure 
identification of data typ 
verification, and correct 

d their compilation into a 
a CAS computen - readable ab 
data tagging plans are do 

ndod studios in data taggi 

tai n1ng 
al Abstracts 

readable output file 
n to an on-1i ne 
s wh i ch uni guely 
al data In the 
erenced In the file. 
s were cstab)ished 
es; the recording, 
on of the data 
special version of 

stract text file. 
scribed and criteria 
ng and accessing are 

4/9 CAS-264   78/08/00   79N15831 

Citations from the 

Technical Information 

UTTL: Random access memories. 
engineering Index data base 
A/CAkRlGAN, B.   CORP: National 
Service, Springfield. Va. 
A bibliography containing 286 abstracts concerning 
research on the design, development, and application 
of random access computer storage devices Is 
presented. Research on charge coupled devices in 
randoni access storage, random access memories in 
microprocessor applications, and reliability of random 
accos':- memories ar~e included. 
NTIS/('S-78/1222/5 NT I S/PS - 77/111 1 NTI S/PS-76/0998 
78/11/00   79N15672 

Nat i ona 
Va 

Citations from the NTIS 

Technical Information 

UTTl: Random access memories 
da ta base 
A/CARIVIGAN.    B. CORP 
Service,    Springfield 
A 

f . 
application of random access storage devices and 
materials is presented. Studies are included on wall 
placement techniques, domain v,!a 1 1 observations. 
mI croc 1rcuitry, and software development. 
NTIS/PS-78/1221/7 NT IS/PS- 77/11 CO NTIS/PS-76/0997 
NTIS/PS-75/811   78/11/00   79N15671 

A b i .'■> H ography containing 27 abstracts concerning 
research nepor ts on the des i gn. development. and 

AUTH 

ABS: 

RPT* 

AUTH: 

ABS: 

R PT # : 

UTTL: Roller bearings.  Citations from tho engtrieerino 
index data base 
A/HABERCOM. G. E.', JR.   CORP: National Technical 
Information Service, Spr i ngf i t.'l d . Va . 
A bibliography containing 214 abstracts concerning the 
design and i-erformance of roller bearings Is 
presented. Lolling contact bcartrg surfaces, hardening 
methods, mechanical propertie-,. and lubricatlno 
techniques are among the area', reviewed. 
NTIS/PS-78/1111/0 NTlS/PS-77/0987 NT IS/PS- 76/0887 
78/10/00   V9N14395 

UTTL: Data tase language.  A bibliography with 
abstracts 
A/REIMHERR. G. W.   CORP: National Technical 
Information Service. Springfield. Va. 
The bibliography cites studie-". on gjery l.-ingungcs. 
data definition languages, data ranipulaticn 
languages, and data element d I rector t es.'di ct lonar ies . 

do 

References are made to the CODaSYL standard, 
as to many other data bases. Descriptions of 
elements of data bases, applied to a variety 
are g i ven. 
NTIS/r'S-78/0977/5 NT I S/PS - 77/0878   78/09/00 
79N12792 

as welI 
the data 
of areas. 

UTTL: Alternativ 
data, phase 1 

AUTH: A/VEYETTE, .J. H. 
Y. S. CORr: En 
and Benson. Inc. 
Lafayette. Ind. 

ABS: The data gatheri 
ut i1i 7at i on of p 
of use of an in 
most par t . liowev 
and procedures a 
of handoooKs. de 
with co-workers, 
and vendors. The 
to recogni z ing s 
pract ices. 't wa 
evaluated data a 
in on-1i ne inter 
needs. 

RPT#: PB-282609/7 EIX 

es for accessing engineering numerical 

, JR. .  B/BE^lLLA. R. ;  C/TOWLOWKI AN. 
gineering Index. Inc.. N.Y.;  Benson 
, Princeton, N. j. ;  Purdue Univ. . 

ng procedures described 
rimitive ad hoc r-ethods 
house evaluatr'd data sys 
er. the engineer's infor 
ppeared to bo confirmed 1 
partmental data, and per 
in-house spec i a.l i st s , s 
engineers sui'veycd seem 
hortcomings in their cur 
s concluded that a propo 
vailable to ttie engineer 
active mode will meet a 

ranged from 
to a mentIon 
tern. For the 
mat Ion sources 
argoly to use 
sunal contact 
ub-con trac tor-s 
ted recept 1 vo 
rent pragmatic 
sa) to make 
i ng communit V 
set of true 

78/1   78/03/00   79N10940 



UTTL: Computer information securMty and protection. 
Citations from the engineering index data base 

AUTH: A/REir.iHERR, G. W.   CORP: National Technical 
Infornation Service. Springfield. Va. 

ABS:  The bibliography of woi'ldwide resenr-ch includes the 
various aspects of computer   information security and 
coK'puler privacy, including personal privacy. 
reliability of security procedures, natural disasters. 
audit'., electronic crime, and software design for 
efficiency checks. (This upciated bibliography contains 
182 abstracts, 24   of which are new entries to the 
prov 1 • lus ed i t i on . ) 

RPT#: NT IS, PS-78/C861/1 NT I5/PS- 77/0630 MIS/PS-76/0563 
78/08/00   78N33765 

UTTL: Cryogenic properties of aluminum ari'.! aluminum 
alloys.  Citations from the Engineering Iridox data 
base 

AUTH: A/SMIIH, M. F.   CORP: Nation,il Technical Information 
Service. Springfield. Va. 

ABS:  This I'pdatecl bibliography contains ''2 ;itjstracts. !7 of 
which are new entries to the lirG\ioi-.s edition. 
Worldwide rt.'search on aluminu'i' ri-d itc. alloy, in 
liquefied Q'ls tanks, supcrcnnciuct i ng riovic.es, pressure 
vessels, and spacecraft componerits are cited. Studies 
on welds, fracture, and mechanical orotjcrtios itre 
i nc 1 ucJod . 

RPT/^: NTIS/f'S-78/0512/0 NT I S/PS - 77/(aO-l tJ f i S/P S - 76/0354 
78/06/00   78N32252 

UTTL: Computer information security and protection, 
volume 2.  Citations from the NTIS data base 

AUTH: A/REIP.:HERR. G. W.   CORP: National Technical 
Inforniatlon Service, Springfield, Va. 

ABS:  The bibliography of Fodera11y- funded research covers 
tiie various aspects of computer i n f c;rmia t i on security 
and computer privacy, including personal privacy, 
rclialjitlty of security procedures, natural disasters, 
audit;:, electronic crime, implications of the Privacy 
Act of   1974, and software design fo'" efficiency 
chocks. (This updated ;:■ ib 1 i ography contains 50 
abstracts, all of which are   nev^   entries to the 
prev I '..us od i t i on ) . 

RPT/V: NT IS/i S-78/0860/3 NT I S/PS - 77/0629 NT I S/PS - 76/0562 
NTiS/PS-75/437   78/08/00   76N33764 

UTTL: CryoQtnic properties of a'uminum and aluminum 
alloys. Citritions from the NTIS data base 

AUTH: A/SMITH. M. F.   CORP: National Technical Information 
Service, Springfield, Va. 

ABS;  This updated bibliography contaM-,; 134 al.' tracts. 21 
of which arc new entries to the c'~e\.ious 'dition. 
Citations of Federa1 Iy- funded retea'ch include studies 
on the cryo'ienic properties of aluminu"i and its alloys 
uicd in superconducting machinery, n'aynets, space 
technology, and nuclear react'TS. flectrical 
properties, fatigue, deformation, and woU's are 
i nc 1 ucied . 

RPT^: NTiS/PS-78/C51 1/2 NT I S/PS - 77/n5o:-. tiT I s/PS 76/03S3 
78/06/00   '<8N32251 

UTTL: Computer Infor'matlon security and protection, 
volume 1,  Citations frtjm the NTIS data base 

AUTH; A/GI'OCMS, 0.   W.   CORP: National Technical Information 
Service, Springfield, Va. 

ABS:  The bibliography of Fedora 1 1y-funded research covers 
tiie various aspects of computer information security 
and computer privacy, including personal privacy, 
reliability of security procedures, natural disasters, 
audits, electronic crime, implications of the Privacy 
Act of 1974, and software desig.'i for efficiency 
checks. Themilitary intelligence aspects of computer 
privacy and the private social implications are also 
included. (This updated bibliography contains 350 
abstracts, none of which are new entries to the 
prev i t.us ed i t 1 on ) . 

RPT#: NTIS/PS-78/0859/5   78/08/00   78N33763 

UTTL: Current knowledge on numerical data indexing and 
possible future deve 1 opmicnt s   COWP: i nf orinat i cs. 
Inc., Rockv11le, Md. 

ABS;  A comprelieii'-.i ve review and an.ilysis ate   given of 
programs a i ned at developing "e t roc''': i oc:' e; for 
inaoxing the numerical data tl'at occur in the 
literature used by sclent istii ana engineer s. Ba'.ed on 
the study r(sults. eleven rec'r" rnca t i or.s are m.ide 
which focus attention on the principal is' ues 
requiring crnsideration In any future data Indexing 
efforts including the need for   ii'prL'ved guidelines for 
indexes, more cooperative procjra-s. and. ultimately, 
i ncreased 5 tandardi T'a t i on . 

RPT#; PB-27^J924/b   78/04/00   78N3 1903 

UTTL: Microcomputers.  Part 4:  Process cfntrol 
applications.  Citations from the enginoeiMng index 
data t;aso 

AUTH; A/HAEtRCOM. G. E., JR.   CORP: N.Tt'onal Technical 
I nf oiMiia t i on Service, Spr i nqf i e! d . Vc'i. 

ABS:  Industrial applications of mi(rocon-putcrs to expedite 



processes were Investigated in these reports gathered 
in a v.'OrUlwide literature survey, S'.ich diversified 
industries as pulp mills, rufcbc;- processing industry. 
chc«!cal plants, metal fabrication plants, and machine 
shcp--. wore researched to ascertain the effectiveness 
of i!;i ,:;nocomputePS as a process control tool. 
Co.Tpiii-at i vc analyses of microcomputers and their 
control systems are made. 

RPT*: NT IS/PS-78/0616/9   70/06/00   70N3I779 

UTTL: Micnocomputct's . Vo i ut'ic "^ . pai-'t 3: Basic design 
and d'.ve lopment . Citations from the engineering index 
data base 

AUTH: A/RtUlHERR. G. W.   CORP: National Technical 
Information Service. Springfield. Va. 

ABS:  Tne bibliography of worldwide research literature 
cite;, studies on the design and devol opmont of 
mlcrofoniputers. Studios on software development, chip 
development. LSI technology, and reliability and 
performance evaluation testing are included. (This 
updated bibliography contains 263 abstracts, all of 
which are new entries to the previous edition.) 

RPT#: NTI5/PS-78/0515/1 NT IS/PS-77/0329 NTIS/PS-78/0610 
73/06/00   78N317 78 

UTTL: Microcomputers.  Volume 3,  part 3:  Basic 
design and development.  Citations from the 
engineering index data base 

AUTH: A/REif.'HERR. G. W.   CORP: National Technical 
Inforicat ion Service. Springfield. Va. 

ABS:  The bibliography of worldvv/ide research literature 
cites studios on the design and development of 
microcomputers. Studios on software development, chip 
dovelipment, LSI technology, and roltability and 
porfoimance evaluation testing are included. (This 
updated bibliography contains 236 abstracts, none of 
whic!i are new entries to the previous edition.) 

RPT/*: NTIS/PS-78/0614/4   78/06/00   78N31777 

UTTL: Microcomputers.  Volume 3. part 2: 
To 1ocommunication applications.  Citations from the 
enginf-ering index data base 

AUTH: A/RLLD, W. E.   CORP: National Technical Information 
Service. Springfield, Va. 

ABS:  The bibliography of worldwide research literature 
cites studies in telecommunication applications of 
microfomputops. Telephone, data transmission, 
teleprinters, facsimile communication, and 
communications controllers are among the applications 
cited. (This updated bibliography contains 91 
abstracts, 48 of which are new entries to the previous 

edi t i on. ) 
RPT*: NTIS/PS-78/r613/6 NT IS/PS- 77/0328 NT IS/PS- 76/0204 

78/OG/OO   7aN31776 

UTTL: Microcomputers.  Volume 4. Part 1:  General 
applications.  Citations from the engineering index 
d.^ta liase 

AUTH: A/RtlMHLRR. G. W.   CORP: National Technical 
Inforihation Service. Spr i ngf io 1 d . Va . 

ABS:  The bibliography of worldwide research literature 
cites studies on the applications of n-i crc computers. 
These include automotive, testing, navigation, 
instrumentation, biomedlcal, machine tools, and other 
applications. (This updated bibliography contains 370 
abstracts, all of which are nnw entries to the 
prev i ous edi t i on. ) 

RPJff:    NTIS/I S-78/t:612/8 NT I S/PS - 77/(i327 tjT I S/PS - 76/0204 
78/06/00   78N31775 

UTTL: Microcomputers.  Part 1;  General applications. 
Citations from the engineering index data base 

AUTH: A/REIMHERR, G. W.   CORP: National Technical 
Information Service. Springfield. Va 

ABS:  Tlie bibliography of worldwide research literature 
cites studios on the applications of microcomputers. 
Those 1 no 1 ucte process control, testing, navigation. 
instrumentation, biomedlcal, machine tools, and other 
application'... (This updated bibliography contains 191 
abstracts, none of which are new entries to the 
p I ■ e V i ou B edition. ) 

RPT#: NTlS/PS-7f3/r61 1/0   78/06/00   78N31774 

UTTL: Microcomputers:  General applications. Citations 
from the NT IS data base 

AUTH: A/REIMHERR. G. W.   CORP: National Technical 
Information Service, Springfield. Va. 

ABS:  This bibliography of Federa11y-funded research cites 
studies on the applications of "-i n i computers , These 
include process control, testing, navigation, 
instrumentation, bioinedicine, machining, training, as 
well iis other applications. 

RPT#: NTIS/PS-78/(609/4   78/06/00   78^31773 

UTTL: Infraied techniques for nondestructive testing. 
Citations fiom the engineering index data base 

AUTH: A/HABtRCOM.- G. E., JR.   CORP 

o 

_.,,„„  _. _.,     __    National Technical 
Information Service, Springfield. Va. 

ABS:  A bibliography containing 90 fibstracts concerning the 
fundamental principals of nondestructive testing and 
inspection, by use of infrared devices. Is presented 



Tine flaws, electronic circuit defects, and flaws in 
bondc-d surfaces are among the apoii cat ions researched. 

RPT#: NTIS/PS-78/0359/6   78/04/00   78N29'485 

UTTL: Infrared techniques for nondestructive testing. 
Citations from the NTIS data base 

AUTH: A/HABERCOM, G. E., JR.   CORP: National Technical 
Infcriration Service. Springfield, Va. 

ABS:  A bibliography containing 106 abstracts concerning the 
fundaii.ental principles of nondestructive testing and 
Inspection, by use of infrared devices, is presented. 
Tire flaws, electronic circuit defects, and flaws in 
bonded surfaces are among the applications researched. 

RPT*: NTlS/PS-78/0358/8   78/04/00   78N29484 

UTTL: Gunn effect devices, volume 2.  Citations from 
the engineering index data base 

AUTH: A/REED. W. E.   CORP: National Technical Information 
Service. Springfield. Va. 

ABS:  An updated bibliography containing 223 abstracts 
concerning the application of Gunn effect devices to 
microi'/ave generation, amplification, and control is 
presented. The Gunn in semiconductors is discussed. 
be5'Qn. fabrication, and properties of Gunn diodes are 
i nc 1 ut'ed . 

RPT*-: NTJS/PS-78/0362/0 NT I S/PS - 77/0257   78/04/00 
78N29389 

UTTL: Gunn effect and transferred electron devices, 
voiu.'i:c 2.  Citations from the NTIS data base 

AUTH: A/REED. W. E.   CORP: National Technical Information 
Service. Springfield. Va. 

ABS:  An uptiated bibliography containing 64 abstracts 
concQrnIng the appl1cation of Gunn effect and 
transferred electron devices to microwave generation, 
amplification, and control is presented. The Gunn 
effect in semiconductors is Discussed. The design, 
fabrication, and properties of Gunn diodes and 
transferred electrorn devices are included. 

RPT*: NTIS/PS-78/0361/2 NT IS/PS- 77/0255 NT IS/PS- 76/0271 
NTIS,PS-75/227   78/04/00   78N29338 

UTTL: Phased arrays.  Citations from the engineering 
i ndox da ta base 

AUTH: A/REED. W. E.   CORP: National Technical Information 
Servic:e, Springfield, Va. 

ABS:  An upciated bibliography containing 243 abstracts 
concerning reports from worldwide research on the 
design, performance, radiation patterns, and 
applications of phased arrays is presented. 

Applications include radar, conrunications. optical, 
electronic countermeasuros. acoustic, aircraft, and 
spacecraf t 

RPT#: NTIS/PS-78/0332/3 NT IS/PS- 77/03 I 0 NT IS/PS■76/0309 
78/04/00   78N29387 

UTTL: Phiiseci arrays, volume 3.  C' tat ions from the 
NTIS data base 

AUTH: A/REED, W. E.   CORP: National Technical information 
Service, Springfield, Va. 

ABS: 
bervice, springrieia, va. 
An upciated bibliography containing 140 abstract 
concerning the design, per f orma'^ce . radiation 
patterns, and applications of pivised ari ays are 
presented. Applications inclui'e con-municati  
optical, spcicecraf t . and nav i cia t iona 1 aids. 

Tt*:    NTlS/PS-7B/C;331/5 NT I S/PS - 77/0309 NTIS/PS-7 
NTIS/PS-75/:i38   78/04/00   78N29386 

, radar. 

6/0308 

UTTL: Microv.ave oscillators.  Citations from the 
engineering index data base 

AUTH: A/REED, W. E.   CORP: National Technical Information 
Service, Springfield. Va. 

ABS:  An upciated bibliography containing 252 abs.tractu, 
concerning bibliography cites reports fro^i worldwide 
research on the design, per f orrrance. properties, and 
applications of microwave oscillator's inc^uditig Gunn. 
inipdtt, transistor, trapatt. transferred electron. 
Schottky. and surface acoustic wave oscillators. 

RPT#: NTIS/PS-78/U334/9 NT IS/PS- 77/0300 '.TIS/PS - 76/03 I 3 
78/04/00   78N29385 

UTTL: Schlicren and shadowgraph photograpiiy.  Part 2: 
General studies.  Citations fr'or" the er^ginoerinc index 
data base 

AUTH: A/HABERCOIVl . G. E.. JR.   CORP: National Technical 
I nf oriial i on Service. Springfield. Va . 

ABS:  A bibliography containing 227 atastractr. ccncernlng 
aspects of s.chlieren and shadcr.-.g'aph pt-.otc^graphy is 
presented. Techniques, equipment, and applications are 
reviewed foi' studying shocl< waves. co""bustlon. 
acoust-ic waves, ballistics, and heat flew. 

RPT*: NTIS/PS-78/0413/1 NT IS/PS- 77/0348 NT IS/PS - 76/0337 
78/05/00   78N27397 

UTTL: Scnlioren and shadowgr^aph cho t oy-aphy.  Part 1: 
Flow visualization and measui-orrent .  Citations from 
the engineering index data ba'e 

AUTH: A/HABERCOM. G. E.. JR.   CORP: National Technical 
Inforiration Service. Springfield. Va. 

ABS:  A bi b I 1 ograjihy containing 204 abstracts concerning 



RPT#: 

worldwide engineering research of Schlieren and 
shaao'AQpaph photography techniques for flow 
moasurement and visualization is presented. Included 
are studies on flames, combustion, and aerodyna.Tii c 
conf i qurat i ons. 
NTIS/r'S-78/0412/3 NT I S/PS - 77/034? NTI S/PS-76/0336 
7R/05/C0   78N27396 

AUTH: 

ABS: 

UTTL: Schlleren 
Ci tat i ons from 
A/HABFRCOM, G. 
Inf orriiat i on Ser 
A b i h11ography 
apD1i cat i ons an 
shadowgraph pho 
the i r-i forma ti on 
V i suaI 1zat i on , 
combuEtion pnoc 

RPT*: NTIS/PS-78/0411 
NTIS/PS-75/117 

AUTH: 

ABS: 

RPT#: 

UTTL: Bi b1i ograph1C 
compc ibltes and matr i 
A/MCrv' iURPHY, F. E. : 
Un i V . Livenmore.  L 
at 2C 1 Conf. on Compo 
1978 
Re sea rch leading to 
numer ic data bases o 
pant i cular emphasis 
flywheel technology 
da ta base was create 
V i sua 11y exami ne pep 
data l^ase is be i ng c 
ma tor ia!s propePt ies 
apDlications program 
prcgp ams will be sto 
svs terv. 
UCRL- 79503-RFW-1 CON 

and shadowgraph photogpaphy. 
the NTIS data base 
E.. JR.   CORP: National Technical 
vice. Springfield, Va, 
containing 318 abstracts on the 
d techniques of schlieren and 
togpaphy is presented. The majority of 
is ppimarily concerned with flow 

although studies on heat transfer and 
esses ape also included. 
/5 NTIS/PS-77/0346 NTIS/PS-76/0335 

78/05/00   78N27395 

and numeric data bases for fiber 
X mater i a is 
B/OUICK, T. M.   CORP: California 
awrence Livepmore Lab,   Presented 
site Material, Toronto, 16 Apr, 

the creation of bibliogpaphic 
f matepial ppcperties with 
to their application to moder 
is reported. The bibtiographi 

■d to provide a direct means t 
'tinent literature. The numeri 

and 

F-780414-1   78/01/11   78N27188 

AUTH: 

ABS: 

RPT/*: 

AUTH: 

ABS: 

RPT*: 

AUTH: 

ABS: 

RPT# : 

C i tat i ens from the 

Technical Information 

nppli cat ions 
in the d ted 

78/03/00   78N25347 

UTTL: Charge transfer devices 
NTIS data tj.ise 
A/REED. W. E.   CORP: Nationa 
Service. Springfieid, Va, 
The technology, design, faorication, and 
of charge transfer devices arc pi esented 
Fedepally sponsored peseapch reports. Applications 
Include imaging, signal processing, detectors. 
filters, an.pllfiers, and memory devices. An updated 
bibliography containing 246 abstracts is Presented, 
NTIS/PS-78/0307 NT I S/PS - 77/0269 ?.'T I S/PS - 76/0240 
NTIS/PS-75/275   78/03/00   7&N25346 

UTTL: Chapge transfer devices, volume 2.  Citations 
from the engineering index data base 
A/REED, W. E.   CORP: National Technical Information 
Sepvice, Springfield, Va. 
Research reports from worldwide literature are cited 
which cover the technology, design, fabrication, and 
applications of charge tpansfer devices. Applications 
include image devices, signal p'^ocossors. amplifiers. 
filters, and memory devices. An upd.oted bibliography 
containing 239 abstracts is presented. 
NTIS/PS-78/0308   78/03/00   78N25345 

to 

Citations from 

Informat ion 

UTTL: Ferrous metal casting, volutre 2. 
the engineering index data base 
A/SMITH. M. F.   CORP: National fechnical 
Service, Springfield, Va. 
Worldwide research is cited on iron and steel 
continuous casting, die casting, and precision 
casting. Studies on molds, mold re'cace aaents. 
shrinkage, solidification, defects, and additives are 
Included. An updated bibliography containing 329 
abstracts is presented. 
NTlS/PS-78/0288 NTIS/PS- 77/0248   78/03/GO   78N25197 

UTTL: Charge transfer devices, volume 3.  Citations 
frcm the engineering data base 

AUTH: A/REED, W, E,   CORP: National Technical Information 
Service, Springfield, Va. 

ABS:  Research repopts fpom WOP 1dwide literature are cited 
which cover the technology, design, fabrication, and 
apDlications of charge transfer devices. Applications 
Include image devices, signal processors, amplifiers, 
filters, and memory devices. An updated bibliography 
containing 205 abstracts is presented. 

RPT#: NTIS/PS-78/0309 NTIS/PS-77/027I NT IS/PS-76/0241 

AUTH 

ABS: 

Citations from the NTiS 

Technical Information 

UTTL: Ferrous metals casting. 
data base 
A/SMITH. M. F.   CORP: National 
Service. Springfield, Va, 
Federally sr^onsored research covered includes casting 
processes, heat treatment, quality control 
solidification, microstructure. mechanica 
additives, and purification. Studies 
casting and its involvement in scrap 
pollution, and tool manufacture. An 

1 pr opert ies, 
are included on 
reuse, air 

updated 
bibliography containing 221 abstracts is preS&Jited. 



RPT#: NlIS/PS-78/0287 NTIS/PS- 77/0246 NT I 5/PS - 76/0142 
NTIG/PS-75/223   78/03/00   78.N25196 

AUTH: 

ABS: 

RPT#: 

AUTH: 

ABS: 

ftPTf: 

C i tat i ons from 

Techn teal 

UTfL: El ec t r-odla I ys i s desalination. 
the r.TiS data bc'j&e 
A/CAVAGNARO, D. M.   CORP: National 
Inforihation Service, Springfield, Va. 
A bibliography containing 145 abstracts on Federally 
funded research presents annotated references on 
eIoctrod1 a 1ysIs desalination, theory, membrane 
preparation and per f or-mance. and test and pilot plant 
ooerotlons. Reports are cited which cover water 
troalir.ent operations as well as ivaste treatment 
p r r c £ < s e s . 
NTIS/PS-78/0243 NTIS/PS- 77/0018 NTIS/PS- 76/0011 
NTIS/PS-75/135   78/03/00   78N25162 

Citations from 

Informali on 

UTTL: Electron boa'r. welding, volume 2, 
the cr.gineoring index data base 
A/RELD, W. E.   CORP: National Technical 
Service, Springfield, Va, 
This updated b1 b 1 1ograpfiy contains 93 abstracts of 
reports from worldwide research on electron beam 
welding and the properties and weldability of steel, 
aluminum, titanium, refractory metals, and heat 
resistant alloys. Only three of the citations appeared 
in trie- previous edition. 
NTIS/PS-78/0186/3 NT IS/PS- 77/0157 NTIS/PS- 76/0137 
78/03,'00   78N23454 

beam welding. Properties of ehictron beam wolds and 
weldability of steel, alunnnuni. refractory metals, 
heat resistant alloys, and coirosion resistant alloys 
are iMclud"d. Thirty-six citalior^s are ne'^   entries to 
the pievious edition. 

RPT#: NTIS/PS-78/(:i184/8 NT i S/PS - 77/(ii 56 r. t I S/PS 76/0 1 36 
NTlS/PS-75/226   78/03/00   7r.r.2J-52 

UTTL: Stor.-ioe and retrieval of information on systems 
of p.'irtial differential equations and their solutions: 
Cr'oal abase and the cont i nuun-./niechani cs center data 
base (.if   hyrl! ocodes 

AUTH: A/HIRSCHBERG, M. A,;  8/LACtTER;,. 0. :      C/'CHP,;ITT. J, 
A,   CORP: F'allistic Reseai'ch Laos.. Abfi-c'eon Proving 
Ground. Md 

ABS:  A Continuum Mechanics Center lias been established for 
the purpose;, of evaluating and developing models of 
interacting continua. Because of the Inrgf and growing 
body cjf literature corTCOrninq such node I s and related 
computer cc.'es, the vast numt'-r of assu:'1)' i ons nade in 
their use, -"'nd the varying tyi;GS of nurrer'cal mett-ods 
utili7ed in these codes, a data case analysis system, 
CREATABASE, was used to store int'ornatlon and 
characteristics of the different cedes. This paper 
briefly dei»cribes CREATABASE, delineates the data 
base, describes queries made on the data base, and 
outlines future uses and exr>ansion of the data base 
and the data base analysis sy;>tei'-. 

RPT#: AD-A050307 (JRL-2015   77/09/00   78N21003 

1 , 

AUTH: 

ABS: 

RPT/?: 

UTTL: Electron beam welding, volume 
the erigineering index data base 
A/REL;;, W. E.   CORP: National Technical 
Service, Springfield, Va. 
Reports fi'cm worldwide research are cited covering the 
prtcess. automation, equipment, and applications of 
electron beam welding. Properties and weldability of 
steel, aluminum, titanium, refractory, metals. ' 
heat resistant alloys included in this updated 
b i b I i f gr'aphy contain 226 abstracts, none of 
new entries to the previous edition 
NTIS/PS-78/0185/5   78/03/00   7aN23453 

Citations from 

Informat i on 

and 

which are 

Citations from the NTIS 

Informat i on 

UTTL: Electron beam welding 
data base 

AUTH: A/REEIJ, W, E,   CORP: National Technical 
Service, Springfield, Va. 

ABS:  This i;pdated bibliography contains 242 abstracts of 
federally-sponsored research reports concerning the 
development, automation, and applications of electron 



AGARD Lecture Series No. 130 
Advisory     Group     for     Aerospace     Research     and 
Development, NATO 
DEVELOPMENT AND  USE OF NUMERICAL AND 
FACTUAL DATA BASES 
Published October 1983 
130 pages 

Lecture Series No. 130 is concerned with the develop- 
ment and use of numerical and factual data bases, and is 
sponsored by the Technical Information Panel of 
AGARD and implemented by the Consultant and Ex- 
change Programme. 

Numerical and factual data, as sources of information 
for all levels of aerospace and defence R&D manage- 

P.T.O 

AGARD-LS-130 

Data bases 
Information systems 
Data processing 
Numerical analysis 
Information retrieval 
Information theory 
Systems engineering 

AGARD Lecture Series No. 130 
Advisory     Group     for    Aerospace     Research    and 
Development, NATO 
DEVELOPMENT AND USE OF NUMERICAL AND 
FACTUAL DATA BASES 
Published October 1983 
130 pages 

Lecture Series No. 130 is concerned with the develop- 
ment and use of numerical and factual data bases, and is 
sponsored by the Technical Information Panel of 
AGARD and implemented by the Consultant and Ex- 
change Programme. 

Numerical and factual data, as sources of information 
for all levels of aerospace and defence R&D manage- 

P.T.O 

AGARD-LS-130 

Data bases 
Information systems 
Data processing 
Numerical analysis 
Information retrieval 
Information theory 
Systems engineering 

AGARD Lecture Series No. 130 
Advisory     Group     for     Aerospace     Research     and 
Development, NATO 
DEVELOPMENT  AND  USE OF NUMERICAL AND 
FACTUAL DATA BASES 
Published October 1983 
130 pages 

Lecture Series No. 130 is concerned with the develop- 
ment and use of numerical and factual data bases, and is 
sponsored by the Technical Information Panel of 
AGARD and implemented by the Consultant and Ex- 
change Programme. 

Numerical and factual data, as sources of information 
for all levels of aerospace and defence R&D manage- 

P.T.O 

AGARD-LS-130 

Data bases 
Information systems 
Data processing 
Numerical analysis 
Information retrieval 
Information theory 
Systems engineering 

AGARD Lecture Series No. 130 
Advisory     Group     for     Aerospace     Research     and 
Development, NATO 
DEVELOPMENT AND USE OF NUMERICAL AND 
FACTUAL DATA BASES 
Published October 1983 
130 pages 

Lecture Series No. 130 is concerned with the develop- 
ment and use of numerical and factual data bases, and is 
sponsored by the Technical Information Panel of 
AGARD and implemented by the Consultant and Ex- 
change Programme. 

Numerical and factual data, as sources of information 
for all levels of aerospace and defence R&D manage- 

P.T.O 

AGARD-LS-130 

Data bases 
Information systems 
Data processing 
Numerical analysis 
Information retrieval 
Information theory 
Systems eningeering 



ment and staff activity, are becoming increasingly important. These data are necessary 
to support research and engineering efforts in all fields. They are also becoming in- 
creasingly important to support or assist in the decision-making process. Today, a 
number of numerical data bases are avialable through national information centres and 
others are available from academic or commercial information sources. Data in many 
of these data bases can be retrieved and manipulated in display systems currently avail- 
able. There is, however, a great need to improve the quality, reliability, availability, 
accesssibility, dissemination, utilization and management of these data. 

Better knowledge regarding the generation and availability of such data bases, and the 
techniques for their use, will be of benefit to the R&D community and their informa- 
tion service centres. 

The scope of the Lecture Series includes: generation of numerical data, consideration 
of the quality and reliabiUty of the data, methods for pubUshing and disseminating the 
data, a review of the data bases that are currently available, how these data bases can 
be used, and future needs for numerical data bases. 
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